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PREFACE

This report was prepared by the Geological Survey in co-
operation with the States of Arkansas, Kansas, Louisiana, New
Mexico, Oklahoma, and Texas, and with other agencies by person-
nel of the Water Resources Division under the direction of L. B.
Leopold, chief hydrologist and S. K. Love, chief, Quality of Water
Branch. The data were collected and prepared for publication
under the supervision of district chemists or engineers:

D. M. Culbertson ......cccveveeusnes ..... Lincoln, Nebr.
Burdge Irelan, succeeded by L S. Hughesa . Austm Tex.
R. P. Orth.......... Ceeeeneeens . Oklahoma City, Okla.
M. E. Schroeder ........cecvevvs...... Little Rock, Ark.
J. M. Stowe ........c0000vvvene... Albuquerque, N. Mex.

a Acting district chemist.
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COLLECTION AND EXAMINATION OF SAMPLES 3

Descriptive statements are given for each sampling station
where chemical analyses, temperature measurements, or sediment
determinations have been made. These statements include the lo-
cation of the station, drainage area, periods of records available,
extremes of dissolved solids, hardness, specific conductance, tem-
perature, sediment loads, and other pertinent data. Records of
discharge of the streams at or near the sampling station are in-
cluded in most tables of analyses.

During the water year ending September 30, 1960, the Geo-
logical Survey maintained 195 stations on 120 streams for the study
of chemical and physical characteristics of surface water. Sam-
ples were collected daily and monthly at 178 of these locations for
chemical-quality studies. Samples were also collected less fre-
quently at many other points. Water temperatures were measured
daily at 103 stations. Not all analyses of samples of surface water
collected during the year have been included. Single analyses of
an incomplete nature generally have been omitted. Also, analyses
made of the daily samples before compositing have not been re-
ported. The specific conductance of almost all daily samples was
determined, and as noted in the table headings this information is
available for reference at the district offices listed under Division
of Work, on page 26.

Quantities of suspended sediment are reported for 22 stations
during the year ending September 30, 1960. Sediment samples
were collected one or more times daily at most stations, depending
on the rate of flow and changes in stage of the stream. Particle-
size distributions of sediments were determined at 21 of the
stations.

COLLECTION AND EXAMINATION OF SAMPLES

Samples for analyses are usually collected at or near points
on streams where gaging stations are maintained by Surface Water
Branch of U. S. Geological Survey for measurement of water dis-
charge. The concentration of solutes and sediments at different
locations in the stream-cross section may vary widely with dif-
ferent rates of water discharge depending on the source of the ma-
terial and the turbulence and mixing of the stream. In general, the
distribution of sediment in a stream section is much more variable
than the distribution of solutes. It is necessary to sample some
streams at several verticals across the channel and especially for
sediment, to uniformly traverse the depth of flow. These meas-
urements require special sampling equipment to adequately inte-
grate the vertical and lateral variability of the concentration in the
section. These procedures yield a velocity-weighted mean con-
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centration for the section in contrast to the average concentration
that existed without regard to the variable velocities of the indi-
vidual fluid elements.

The near uniformly dispersed ions of the solute load move
with the velocity of the transporting water. Accordingly,the mean
section concentration of solutes determined from samples is a
precise measure of the total solute load. The mean section con-
centration obtained from suspended sediment samples is a less
precise measure of the total sediment load, because the sediment
samplers donot traverse the bottom 0. 3 foot of the sampling ver-
tical where the concentration of suspended sediment is greatest
and because a significant part of the coarser particles in many
streams move in essentially continuous contact with the bed and
are not represented in the suspended sediment sample. Hence,
the computed sediment loads presented in this report are usually
less than the total sediment loads. For most streams the differ-
ence between the computed and total sediment loads will be small,
in the order of a few percent.

CHEMICAL QUALITY

The methods of collecting and compositing water samples for
chemical analysis are described in a manual by Rainwater and
Thatcher (1960, 301 p.). No single method of compositing sam-
ples is applicable to all problems related to the study of water
quality. Although generally holding to the principle of 10 day pe-
riods or equivalent to three composite samples per month modi-
fications are usually made onthe basis of dissolved-solids content
as indicated by measurements of conductivity of daily samples,
supplemented by other information such aschloride content, river
stage, weather conditions and other background information of the
stream.

TEMPERATURE

Daily water temperatures were measured at most of the sta-
tions at the time samples were collected for chemical quality or
sediment content. So far as practicable, the water temperatures
were taken at about the same time each day for an individual sta-
tion inorder that the data would be relatively unaffected by diurnal
variations in temperature. Most large, swiftly flowing streams
probably have a small diurnal variation in water temperature,
whereas sluggish or shallow streams may have a daily range of
several degrees and may follow closely the changes in air temper-
ature. The thermometers used for determining water temperature
were accurate to plus or minus 0.5°F.
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At stations where thermographs are located, the records con-
sist of maximum and minimum temperatures for each day, and
the monthly averages of maximum daily and minimum daily
temperatures.

SEDIMENT

In general, suspended-sediment samples were collected daily
with U. S. depth-integrating cable-suspended samplers (U.S.
Interagency, 1963, p. 56-77 and U. S. Interagency, 1952, p. 86-90)
from a fixed sampling point at one vertical in the cross section,
The US DH-48 hand sampler was used at many stations during
periods of low flow. Depth-integrated samples were collected
periodically at three or more verticals inthe cross section to de-
termine the cross-sectional distribution of the concentration of
suspended sediment with respect to that at the daily sampling
vertical. In streams where transverse distribution of sediment
concentration ranges widely, samples were taken at two or more
verticals to define more accurately the average concentration of
the cross section. During periods of high or rapidly changing
flow, samples were taken two or more times throughout the day
at most sampling stations.

Sediment concentrations were determined by filtration-evap-
oration method. At many stations the daily mean concentration
for some days was obtained by plotting the velocity-weighted in-
stantaneous concentrations on the gage-height chart. The plotted
concentrations, adjusted, if necessary for cross-sectional distri-
bution were connected or averaged by continuous curves to obtain
a concentration graph. This graph represented the estimated ve-
locity-weighted concentration at any time, and for most periods
daily mean concentrations were determined from the graph. The
days were divided into shorter intervals when the concentration
and water discharge were changing rapidly. During some periods
of minor variation in concentration, the average concentration of
the samples was used as the daily mean concentration. During
extended periods of relatively uniform concentration and flow,
samples for a number of days were composited to obtain average
concentrations and average daily loads for each period.

For some periods when no samples were collected, dailyloads
of suspended sediment were estimated on the basis of water dis-
charge, sediment concentrations observed immediately preceding
and following the periods, and suspended-sediment loads for other
periods of similar discharge; the estimates were further guided
by weather conditions and sediment discharge for other stations.

In many instances where there were no observations for sev-
eral days, the suspended-sediment loads for individual days are

314-277 O - 68 - 2
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not estimated, because numerous factors influencing the quantities
of transported sediment made it very difficult to make accurate
estimates for individual days. However, estimated loads of sus-
pended sediment for missing days in otherwise continuous period
of sampiing have been included in monthly and annual totals in
order to provide a complete record. For some streams, samples
were collected weekly, monthly, or less frequently, and only rates
of sediment discharge at the time of sampling are shown.

In addition to the records of quantities of suspended sediment
transported, records of the particle sizes of sediment are in-
cluded. The particle sizes of the suspended sediment for many of
the stations, and the particle sizes of the bed material for some
of the stations were determined periodically.

The size of particles in stream sediments commonly range
from colloidal clay (finer than 0. 001 mm) to coarse sand or gravel
(coarser than 1.0 mm). The common methods of particle-size
analyses cannot accommodate such a wide range in particle size.
Hence, it was necessary to separate most samples into two parts,
one coarser than 0.062 mm and one finer than 0.062 mm. The
separations were made by sieve or by a tube containing a settling
medium of water. The coarse fractions were classified by sieve
separation or by the visual accumulation tube (U.S. Interagency,
1957). The fine fractions were classified by the pipet method
(Kilmer and Alexander, 1949) or the bottom withdrawal tube meth-
od (U.S. Interagency, 1943, p. 82-90).

EXPRESSION OF RESULTS

Quantities of water for analysis are most conveniently meas-
ured in the laboratory by use of volumetric glassware. The an-
alytical results thus obtained in this report are expressed in
weights of solute in a given volume of water. To express the re-
sults in parts of solute per million (ppm) of water the data must
be converted. For most waters this conversion is made by as-
suming that the liter of water sample weighs 1 kilogram; and thus
milligrams per liter are equal to parts per million.

Equivalents per million are not reported, although the expres-
sion of analyses in equivalents per million is sometimes pre-
ferred. An equivalent per million (epm) is a unit chemical com-
bining weight of a constituent in a million unit weights of water.
Chemical equivalence in equivalents per million can be obtained
by (a) dividing the concentration in parts per million by the com-
bining weight of that ion, or (b) multiplying the concentration (in
ppm) by the reciprocal of the combining weights. The following
table lists the reciprocals of the combining weights of cations and
anions generally reported in water analyses.
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The conversion factors are computed from atomic weights
based on carbon-12 (International Union of Pure and Applied
Chemistry, 1961).

Conversion factors: Parts per million to equivalents per million

Ion Multiply Ton Multiply
by by

Aluminum (Al*3),.,.,. 0.11119 || Hydroxide (OH"!)... 0.05880
Arsenic (As*3) ....... . 04004 | Iodide (I"!)......... .00788
Barium (Ba*?)........ .01456 | Iron (Fe*3)......... .05372
Beryllium (Be*?) ...., .22192 ||Lead (Pb*?)........ .00965
Bicarbonate (HCO;™"),, .01639 | Lithium (LitY)...... . 14411
Bromide (Br™)...... . .01251 |Magnesium (Mg*?).. .08226
Cadmium (Cd*?...... .01779 | Manganese (Mn*?) .. .03640
Calcium (Ca*?)....... .04990 [ Nickel (Ni*?)....... .03406
Carbonate (CO,;72)'.... .03333 [ Nitrate (NO;™)..... .01613
Chloride (C17*)....... .02821 |Phosphate (PO,"%).. .03159
Chromium (Cr*®)..... .11539 [ Potassium (K™).... .02557
Cobalt (Co*?)......... .03394 [ Sodium (Nat')...... . 04350
Copper (Cu*?)........ .03148 || Strontium (Sr*?).... .02283
Fluoride (F™1)........ .05264 | Sulfate (SO4~%) ..... .02083
Hydrogen (H*')....... .99209 (| Zinc (Znt?) ...... .. .03060

Results given in parts per million can be converted to grains
per United States gallon by dividing by 17.12.

The hardness of water is conventionally expressed in all wa-
ter analyses in terms of an equivalent quantity of calcium car-
bonate. Such a procedure is required because hardness is caused
by several different cations, present in variable proportions. It
should be remembered that hardness is an expression in conven-
tional terms of a property of water. The actual presence of cal-
cium carbonate in the concentration given is not to be assumed.
The hardness caused by calcium and magnesium (and other cations
if significant) equivalent to the carbonate and bicarbonate is called
carbonate hardness; the hardness in excess of this quantity is
called noncarbonate hardness. Hardness or alkalinity values ex-
pressed in parts per million as calcium carbonate may be con-
verted to equivalents per million by dividing by 50.

The value usually reported as dissolved solids is the residue
on evaporation after dryingat 180°C for 1 hour. For some waters,
particularly those containing moderately large quantities of soluble
salts, the value reported is .calculated from the quantities of the
various determined constituents using the carbonate equivalent of
the reported bicarbonate. The calculated sum of the constituents
may be given instead of or in addition to the residue. In the
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analyses of most waters used for irrigation, the quantity of dis-
solved solids is given in tons per acre-foot as well as in parts per
million.

Specific conductance is given for most analyses and was de-
termined by means of a conductance bridge and using a standard
potassium chloride solution as reference. Specific conductance
values are expressed in micromhos per centimeter at 25°C. Spe-
cific conductance in micromhos is 1 million times the reciprocal
of specific resistance at 25°C. Specific resistance is the resist-
ance in ohms of a column of water 1 centimeter long and 1 square
centimeter in cross section.

The discharge of the streams is reported in cubic feet per
second (see Streamflow, p.24) and the temperature in degrees
Fahrenheit. Color is expressed in units of the platinum-cobalt
scale proposed by Hazen (1892, p. 427-428). A unit of color is
produced by one milligram per liter of platinum in the form of the
chloroplatinate ion. Hydrogen-ion concentration is expressed in
terms of pH units. By definition the pH value of a solution is the
negative logarithm of the concentration of gram ions of hydrogen.
However, the pH meter that is generally used in Survey labora-
tories determines the activity of the hydrogen ions as distinguished
from concentration. '

An average of analyses for the water year is given for most
daily sampling stations. Most of these averages are arithmetical,
time-weighted, or discharge-weighted; when analyses during a
year are all on 10-day composites of daily samples with no miss-
ing days, the arithmetical and time-weighted averages are equiv-
alent. A time-weighted average represents the composition of
water that would be contained in a vessel or reservoir that had
received equal quantities of water from the river each day for the
water year. A discharge-weighted average approximates the com-
position of water that would be found in a reservoir containing all
of the water passing a given station during the year after thorough
mixing in the reservoir. A discharge-weighted average is com-
puted by multiplying the discharge for the sampling period by the
concentrations of individual constituents for the corresponding
period and dividing the sum of the products by the sum of the dis-
charges. Discharge-weighted averages are usually lower than
arithmetical averages for most streams because at times of high
discharge the rivers generally have lower concentrations of dis-
solved solids.

A program for computing these averages on an electronic
digital computer was instituted in the 1962 water year. This pro-
gram extended computations to include averages for pH values
expressed in terms of hydrogen ion and averages for the concen-
tration of individual constituents expressed in tons per day. Con-
centrations in tons per day are computed the same as daily sedi-
ment loads.
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The concentration of sediment in parts per million is com-
puted as 1,000, 000 times the ratio of the weight of sediment to the
weight of water-sediment mixture. Daily sediment loads are ex-
pressed intons per day and exceptfor subdivided days are usually
obtained by multiplying daily mean sediment concentration inparts
per million by the daily meandischarge, and the appropriate con-
version factor, normally 0. 0027.

Particle-size analyses are expressed in percentages of ma-
terial finer than indicated sizes in millimeters. The size classi-
fication used in this report is that recommended by the American
Geophysical Union subcommittee on Terminology (Lane and others,
1947, p. 937). Other data included as pertinent to the size anal-
yses for many streams are the date of collection, the stream dis-
charge, sediment concentration when sample was collected, and
the method of analysis.

COMPOSITION OF SURFACE WATERS

All natural waters contain dissolved mineral matter. Water
in contact with soils or rock, even for only a few hours, willdis-
solve some mineral matter. The quantity of dissolved mineral
matter in a natural water depends primarily on the type of rocks
or soils with which the water has been in contact and the length of
time of contact. Some streams are fed by both surface runoff and
ground water from spring or seeps. Such streams reflect the
chemical character of their concentrated underground sources dur-
ing dryperiods and are more dilute during periods of heavy rain-
fall. Ground water is generally more highly mineralized than sur-
face runoff because it remains in contact with the rocks and soils
for much longer periods. The dissolved-solids content in a river
is frequently increased by drainage from mines or oil fields, by
the addition of industrial or municipal wastes, or--in irrigated
regions--by drainage from irrigated lands.

The mineral constituents and physical properties of natural
waters reported in the tables of analyses include those that have
a practical bearing on the value of the waters for most purposes.
The analyses generally include results for silica, iron, calcium,
magnesium, sodium, potassium (or sodium and potassium together
calculated as sodium), alkalinity as carbonate and bicarbonate,
sulfate, chloride, fluoride, nitrate, boron, pH, dissolved solids
and specific conductance. Aluminum, manganese, color, acidity,
oxygen consumed, and other dissolved constituents and physical
properties are reported for certain streams. Phenolic material
and minor elements including strontium, chromium, nickel, cop-
per, lead, zinc, cobalt, arsenic, cadmium, and others are occa-
sionally determined for a few streams in connection with specific
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problems in local areas and the results are reported when appro-
priate. . The source and significance of the different constituents
and properties of natural waters are discussed in the following
paragraphs. The constituents are arranged in the order that they
appear on standard analytical statement cards which are used to
process the chemical quality data in this report.

MINERAL CONSTITUENTS IN SOLUTION
Silica (SiO,)

Silica is dissolved from practically all rocks. Some natural
surface waters contain less than 5 parts per million of silica and
few contain more than 50 parts, but the more common range is
from 10 to 30 parts per milkion. Silica affects the usefulness of
a water because it contributes to the formation of boiler scale; it
usually is removed from feed water for high-pressure boilers.
Silica also forms troublesome deposits onthe blades of steam tur-
bines.

Aluminum (Al)

Aluminum is usually present only in negligible quantities in
natural waters except in areas where the waters have been in con-
tact with the more soluble rocks of high aluminum content such as
bauxite and certain shales. Acidwaters often containlarge amounts
of aluminum. It maybe troublesome in feed waters where it tends
to be deposited as a scale on boiler tubes.

Iron (Fe)

Iron is dissolved from many rocks and soils. On exposure to
the air, normal basic waters that contain more than 1 part per
million of iron sconbecome turbid with the insoluble reddishferric
oxide produced by oxidation. Surface waters, therefore, seldom
contain as much as 1 part per million of dissolved iron, although
some acid waters carry large quantities of iron in solution. Iron
causes reddish-brown stains onwhite porcelain or enameled ware
and fixtures and on fabrics washed in the water.

Manganese (Mn)

Manganese is dissolved in appreciable quantities from rocks
in some sections of the country. It resembles iron in its chemical
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behavior and in its occurrence in natural waters. However, man-
ganese in rocks is less'abundant than iron. As a result the con-
centration of manganese is much less than that of iron and is not
regularly determined in many areas. Waters impounded in large
reservoirs may contain manganese that has been dissolved from
the mud onthe bottom of the reservoir by action of carbon dioxide
produced by anaerobic fermentation of organic matter. It is es-
pecially objectionable in water used in laundry work and in textile
processing. Concentrations as low as 0.2 part per million may
cause a dark-brown or black stain on fabrics and porcelain fix-
tures. Appreciable quantities of manganese are often found in
waters containing objectionable quantities of iron.

Calcium (Ca)

Calcium is dissolved from almost all rocks and soils, but the
highest concentrations are usually found in waters that have been
in contact with limestone, dolomite, and gypsum. Calcium and
magnesium make water hard and are largely responsible for the
formation of boiler scale. Most waters associated with granite or
silicious sands contain less than 10 parts per million of calcium;
waters in areas where rocks are composed of dolomite and lime-
stone contain from 30 to 1C0 parts per million; and waters that
have come in contact with deposits of gypsum may contain several
hundred parts per million.

Magnesium (Mg)

Magnesium is dissolved from many rocks, particularly from
dolomitic rocks. Its effect in water is similar to that of calcium.
The magnesium in soft waters may amount to only 1 or 2 partsper
million, but water in areas that containlarge quantities of dolomite
or other magnesium-bearing rocks may contain from 20 to 100
parts per million or more of magnesium.

Strontium (Sr)

Strontium is a typical alkaline-earth element and is similar
chemically to calcium. Strontium may be present in natural water
in amounts up to a few parts per million much more frequently
than the available data indicate. In most surface water the amount
of strontium is small in proportion to calcium. However, in sea
water the ratio of strontium to calcium is 1:30.
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Sodium and potassium (Na and K)

Sodium and potassium are dissolved from practically all rocks.
Sodium is the predominant cation in some of the more highly min-
eralized waters found in the western United States. Natural wa-
ters that contain only 3 or 4 parts per million of the two together
are likely to carry almost as much potassium as sodium. As the
total quantity of these constituents increases, the proportion of
sodium becomes much greater. Moderate quantities of sodium and
potassium have little effect onthe usefulness of the water for most
purposes, but waters that carry more than 50 or 100 parts per
million of the two may require careful operation of steam boilers
to prevent foaming. More highly mineralized waters that contain
a large proportion of sodium salts may be unsatisfactory for
irrigation.

Lithium (Li)

Data concerning the quantity of lithium in water are scarce.
It is usually found in small amounts in thermal springs and saline
waters. Lithium also occurs in streams where some industries
dump their waste water. The scarcity of lithium in rocks is re-
sponsible more than other factors for relatively small amounts
present in water.

Bicarbonate, carbonate and hydroxide (HCO;, CO;, OH)

Bicarbonate, carbonate, or hydroxide is sometimes reported
as alkalinity. The alkalinity of a water is defined as its capacity
to consume a strong acid to pH 4.5. Since the major causes of
alkalinity in most natural waters are carbonate and bicarbonate
ions dissolved from carbonate rocks, the results are usually re-
ported in terms of these constituents. Although alkalinity may
suggest the presence of definite amounts of carbonate, bicarbonate
or hydroxide, it may not be true due to other ions that contribute
to alkalinity suchas silicates, phosphates, borates, possibly fluo-
ride, and certain organic anions which may occur in colored waters.
The significance of alkalinity to the domestic, agricultural, and
industrial user is usually dependent upon the nature of the cations
(Ca, Mg, Na, K) associated with it. However, moderate amounts
of alkalinity does not adversely affect most users.

Hydroxide may occur in water that has been softened by the
lime process. Its presence in streams usually can be taken as an
indication of contamination and does not represent the natural
chemical character of the water.
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Sulfate (SO 4 )

Sulfate is dissolved from many rocks and soils--in especially
large quantities from gypsum andfrom beds of shale. It isformed
also by the oxidation of sulfides of iron and is therefore present
in considerable quantities in waters from mines. Sulfate in waters
that contain much calcium and magnesium causes the formation of
hard scale in steamboilers and may increase the cost of softening
the water.

Chloride (C1)

Chloride is dissolved from rock materials in all parts of the
country. Surface waters in the humid regions are usually low in
chloride, whereas streams in arid or semiarid regions may con-
tain several hundred parts per million of chloride leached from
soils and rocks, especially where the streams receive return
drainage from irrigatedlands or are affected by ground-water-in-
flow carrying appreciable quantities of chloride. Large quantities
of chloride may affect the industrial use of water by increasing
the corrosiveness of waters that contain large quantities of cal-
cium and magnesium.

Fluoride (F)

Fluoride hasbeen reported as being present in some rocks to
about the same extent as chloride. However, the quantity of fluo-
ride in natural surface waters is ordinarily very small compared
to that of chloride. Investigations have proved that fluoride con-
centrations of about 0. 6 to 1.7 ppm reduced the incidence of den-
tal caries and that concentrations greater than 1.7 ppm also pro-
tect the teeth from cavities but cause an undesirable black stain
(Durfor and Becker, 1964, p. 20). Public Health Service, 1962
(p. 8), states, "When fluoride is naturally present in drinking
water, the concentration should not average more than the appro-
priate upper control limit (0.6 to 1.7 ppm). Presence of fluoride
in average concentration greater than two times the optimum val-
ues shall constitute grounds for rejection of the supply." Concen-
tration higher than the stated limits may cause mottled enamel in
teeth, endemic cumulative fluorosis, and skeletal effects.

Nitrate (NO,)

Nitrate in water is considered a final oxidation product of ni-
trogenous material and may indicate contamination by sewage or
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other organic matter. The quantities of nitrate present insurface
waters are generally less than 5 parts per million (as NO,) and
have no effect on the value of the water for ordinary uses.

It has been reported that as much as 2 parts per million of
nitrate in boiler water tends to decrease intercrystalline cracking
of boiler steel. Studies made in Illinois indicate that nitrates in
excess of 70 parts per million (as NO,;) may contribute to methe-
moglobinemia (""blue babies') Faucett and Miller, 1946, p. 593),
and more recent investigations conducted in Ohio show that drink-
ing water containing nitrates inthe range of 44 to 88 ppm (as NO,)
may cause methemoglobinemia (Waring, 1949). In a report pub-
lished by the National Research Council, Maxcy (1950, p. 271)
concludes that a nitrate content in excess of 44 parts per million
(as NO,) should be regarded as unsafe for infant feeding. U.S.
Public Health Service (1962) sets 45 ppm as the upper limit.

Phosphate (PO,)

Phosphorus is an essential element inthe growth of plants and
animals, and some sources that contribute nitrate, such as or-
ganic wastes and leaching of soils, may be important as sources
for phosphate in water and its occurrence may add to the apparent
alkalinity. The addition of phosphates in water treatment consti-
tutes a possible source, although the dosage is usually small. In
some areas, phosphate fertilizers may yield some phosphate to
water. A more important source is the increasing use of phos-
phates in detergents. Domestic and industrial sewage effluents
may therefore contain considerable amounts of phosphate.

Boron (B)

Boron in small quantities has been found essential for plant
growth, but irrigation water containing more than 1 part per mil-
lion boron is detrimental to citrus and other boron-sensitive crops.
Boron is reported in Survey analyses of surface waters inarid and
semiarid regions of the Southwest and West where irrigation is
practiced or contemplated, but few of the surface waters analyzed
have harmful concentrations of boron.

Dissolved solids

The reported quantity of dissolved solids--the residue onevap-
oration--consists mainly of the dissolved mineral constituents in
the water. It may also contain some organic matter and water of
crystallization. Waters with less than 500 parts per million of
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dissolved solids are usually satisfactory for domestic and some
industrial uses. Water containing several thousand parts per mil-
lion of dissolved solids are sometimes successfully usedfor irri-
gation where practices permit the removal of soluble salts through
the application of large volumes of water on well-drained lands,
but generally water containing more than about 2, 000 ppm is con-
sidered to be unsuitable for long-term irrigation under average
conditions.

Chromium (Cr)

Few if any waters contain chromium from natural sources.
Natural waters can probably contain only traces of chromium as a
cation unless the pH is very low. When chromium is present in
water, it is usually the result of pollution by industrial wastes.
Fairly high concentrations of chromate anions are possible in wa-
ters having normal pH levels. Concentrations of more than 0. 05
ppm of chromium in the hexavalent form constitute grounds for
rejection of a water for domestic use onthe basis of the standards
of the U.S. Public Health Service (1962).

Nickel and cobalt (Ni, Co)

Nickel and cobalt are very similar in chemical behavior and
also closely related to iron. Both are present in igneous rocks in
small amounts and are more prevalent in silicic rocks. Any nickel
in water islikely tobe in small amounts and could be in a colloidal
state. Cobalt maybe taken into solution more readily than nickel.
It may be taken into solution in small amounts through bacterio-
logical activity similar to that causing solution of manganese.
However, few data on the occurrence of either nickel or cobalt in
natural water are available.

Copper (Cu)

Copper is a fairly common trace constituent of natural water.
Small amounts may be introduced into water by solution of copper
and brass water pipes and other copper-bearing equipment incon-
tact with the water, or from copper salts added to control algae
in open reservoirs. Copper salts such as the sulfate and chloride
are highly soluble in waters with a low pH but in water of normal
alkalinity these salts hydrolyze and the copper may be precipi-
tated. In the normal pH range of natural water containing carbon
dioxide, the copper might be precipitated as carbonate. The oxi-
dized portions of sulfide-copper ore bodies contain other copper
compounds. The presence of copper in mine water is common.
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Copper imparts a disagreeable metallic taste to water. As
little as 1.5 ppm can usually be detected, and 5 ppm can render
the water unpalatable. Copper is not con31dered to be a cumula-
tive systemic poison like lead and mercury; most copper ingested
is excreted by the body and very little is retained. The patholog-
ical effects of copper are controversial, but it is generally be-
lieved very unlikely that humans could unknowingly ingest toxic
quantities from palatable drinking water. The U.S. Public Health
Service (1962) recommends that copper should not exceed 1. 0 ppm
in drinking and culinary water.

Lead (Pb)

Lead is only a minor element in most natural waters, but in-
dustrial or mine and smelter effluents may containrelatively large
amounts of lead. Many of the commonly used lead salts are water
soluble.

Traces of lead in water usually are the result of solutionof
lead pipe through which the water has passed. Amounts of lead of
the order of 0.05 ppm are significant, as this concentration is the
upper limit for drinking water in the standards adopted by the
U.S. Public Health Service (1962). Higher concentrations may be
added to water through industrial and mine-waste disposal. Lead
inthe form of sulfate is reported to be soluble in water to the ex-
tent of 31 ppm (Seidell, 1940, p. 1409) at 25°C. In natural water
this concentration would not be approached, however, since a pH
of less than 4.5 would probably be required to prevent formation
of lead hydroxide and carbonate. It is reported (Pleissner, 1907)
that at 18°C water free of carbon dioxide will dissolve the equiv~-
alent of 1.4 ppm of lead and the solubility is increased nearly
four fold bythe presence of 2. 8 ppm of carbondioxide inthe solu-
tion. Presence of other ions may increase the solubility of lead.

Zinc (Zn)

Zinc is abundant in rocks and ores but is only a minor con-
stituent in natural water because the free metal andits oxides are
only sparingly soluble. In most alkaline surface waters itis pres-
ent only in trace quantities, but more may be present in acid
water. Chlorides and sulfates of zinc are highly soluble. Zinc is
used in many commercial products, and industrial wastes may
contain large amounts.

Zinc in water does not cause serious effects on health, but
produces undesirable esthetic effects. The U. S. Public Health
Service (1962, p. 55) recommends that the zinc content not exceed
5 ppm in drinking and culinary water.
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Barium (Ba)

Barium may replace potassium in some of the igneous rock
minerals, especially feldspar and barium sulfate (barite) is a com-
mon barium mineral of secondary origin. Only traces of barium
are present in surface water and sea water. Because natural
water contains sulfate,barium will dissolve only intrace amounts.
Barium sometimes occurs in brines from oil-well wastes.

The U. S. Public Health Service (1962) states that water con-
taining concentrations of barium in excess of 1 ppm is not suitable
for drinking and culinary use because of the serious toxic effects
of barium on heart, blood vessels, and nerves.

Bromide (Br)

Bromine is a very minor element in the earth's crust and is
normally present in surface waters in only minute quantities.
Measurable amounts may be found in some streams that receive
industrial wastes, and some natural brines may contain rather
high concentrations. It resembles chloride in that it tends to be
concentrated in sea water.

Iodide (I)

Iodide is considerably less abundant both in rocks and water
than bromine. Measurable amounts may be found in some streams
that receive industrial wastes, and some natural brines may con-
tain rather high concentrations. It occurs in sea water to the ex-
tent of less than 1 ppm. Rankama and Sahama (1950, p, 767) re-
port iodide present in rainwater to the extent of 0.001 to 0.003
ppm and in river water in about the same amount. Few waters
will contain over 2.0 ppm.

PROPERTIES AND CHARACTERISTICS OF WATER

Hardness

Hardness is the characteristic of water that receives the most
attention in industrial and domestic use. It is commonly recog-
nized by the increased quantity of soaprequired to produce lather.
The use of hard water is also objectionable because it contributes
to the formation of scale in boilers, water heaters, radiators, and
pipes, with the resultant decrease in rate of heat transfer, pos-
sibility of boiler failure, and loss of flow.
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Hardness is caused almost entirely by compounds of calcium
and magnesium. Other constituents--such as iron, manganese,
aluminum, barium, strontium, and free acid--also cause hard-
ness, although they usually are not present in quantities large
enough to have any appreciable effect.

Generally, bicarbonate and carbonate determine the propor-
tions of "carbonate' hardness of water. Carbonate hardness is
the amount of hardness chemically equivalent to the amount of
bicarbonate and carbonate in solution. Carbonate hardness is ap-
proximately equal tothe amount of hardness that is removed from
water by boiling.

Noncarbonate hardness isthe difference betweenthe hardness
calculated from the total amount of calcium and magnesium in so-
lution and the carbonate hardness. If the carbonate hardness (ex-
pressed as calcium carbonate) equal the amount of calcium and
magnesium hardness (also expressed as calcium carbonate) there
is no noncarbonate hardness. Noncarbonate hardness is about
equal to the amount of hardness remaining after water is boiled.
The scale formed athigh temperatures by the evaporation of water
containing noncarbonate hardness commonly is tough, heat re-
sistant, and difficult to remove.

Although many pé&ople talk about soft water and hard water,
there has been no firm line of demarcation. Water that seems
hard to an easterner may seem soft to a westerner. In this re-
port hardness of water is classified as follows:

Hardness range
(calcium carbonate Hardness description
in ppm)
0-60 Soft
61-120 Moderately hard
121-180 Hard
more than 180 Very hard

For public use, water with hardness above 200 parts per million
generally requires softening treatment (Durfor and Becker, 1964,
p. 23-27),

Acidity (H*')

The use of the terms acidity and alkalinity is widespread in
the literature of water analysis andis a cause of confusion tothose
who are more accustomed to seeing a pH of 7. 0 used as a neutral
point. Acidity of a natural water represents the content of free
carbon dioxide and other uncombined gases, organic acids and
salts of strong acids and weak bases that hydrolyze to give hydro-
gen ions. Sulfates of iron and aluminum in mine and industrial
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wastes are common sources of acidity. The presence of acidity
is reported in those waters which have a pH below 4. 5.

Sodium-adsorption-ratio (SAR)

The term 'sodium-adsorption-ratio (SAR)" was introduced
bythe U.S. Salinity Laboratory Staff (1954). It is a ratio express-
ing the relative activity of sodium ions in exchange reaction with
soil and is an index of the sodium or alkali hazard to the soil.
Sodium-adsorption-ratio is expressed by the equation:

SAR= Na*

) Carvig

2

where the concentrations of the ions are expressed in milliequiv-
alents per liter (or equivalents per million for most irrigation
waters).

Waters are divided into four classes with respect to sodium
or alkali hazard: low, medium, high, and very high, depending
upon the SAR and the specific conductance. At a conductance of
100 micromhos per centimeter the dividing points are at SAR val-
ues of 10, 18, and 26, but at 5,000 micromhos the corresponding
dividing points are SAR values of approximately 2.5, 6.5, and 11.
Waters range in respect to sodium hazard from those which can
be used for irrigation on almost all soils to those which are gen-
erally unsatisfactory for irrigation.

Specific conductance (micromhos per centimeter at 25°C)

Specific conductance is a convenient, rapid determination used
to estimate the amount of dissolved solids in water. It is a meas-
ure of the ability of water to transmit a small electrical current
(see p. 8). The more dissolved solids in water that can transmit
electricity the greater the specific conductance of the water. Com-
monly, the amount of dissolved solids (in parts per million) is
about 65 percent of the specific conductance (in micromhos). This
relation is not constant from stream to stream or from well to
well and it may even vary in the same source with changes in the
composition of the water (Durfor and Becker, 1964, p. 27-29).

Specific conductance of most waters in the eastern United
States is lessthan 1,000 micromhos, but inthe arid westernparts
of the country, a specific conductance of more than 1,000 micro-
mhos is common.
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Hydrogen-ion concentration (pH)

Hydrogen-ion concentration is expressed interms of pH units
(see p. 8). The values of pH often are used as a measure of the
solvent power of water or as an indicator of the chemical behavior
certain solutions may have toward rock minerals.

The degree of acidity or alkalinity of water, as indicated by
the hydrogen-ion concentration, expressed as pH, is related to the
corrosive properties of water and is useful in determining the
proper treatment for coagulation that maybe necessary at water-
treatment plants. A pH of 7.0 indicates that the water is neither
acid nor alkaline. pH readings progressively lower than 7.0 de-
note increasing acidity and those progressively higher than 7.0
denote increasing alkalinity. The pH of most natural surface wa-
ters ranges between 6 and 8. Some alkaline surface waters have
pH values greater than 8.0, and waters containing free mineral
acid or organic matter usually have pH values less than 4.5.

The investigator who utilizes pH data inhis interpretations of
water analyses shouldbe careful to place pH values intheir proper
perspective.

Color

In water analysis the term ''color' refers to the appearance
of water that is free from suspended solids. Many turbid waters
that appear yellow, red,or brown when viewed in the stream show
very little color after the suspended matter has been removed.
The yellow-to-brown color of some waters is usually caused by
organic matter extracted from leaves, roots, and other organic
substances in the ground. In some areas objectionable color in
water results from industrial wastes and sewage. Clear deep
water may appear blue as the result of a scattering of sunlight by
the water molecules. Water for domestic use and some industrial
uses should be free from any perceptible color. A color less than
15 units generally passes unnoticed (U.S. Public Health Service,
1962). Some swamp waters have natural color in excess of 300
units.

“The extent to which a water is colored by material insolution
is commonly reported as a part of a water analysis because a sig-
nificant color in water may indicate the presence of organic ma-
terial that may have some bearing onthe dissolved solids content.
Color in water is expressed in terms of units between 0 and 500
or more based on the above standard (see p. 8).
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Oxygen consumed

Oxygen consumed is a measure of the amount of oxygen re-
quired to oxidize unstable materials in water and may be corre-
lated with natural-water color or with some carbonaceous organic
pollution from sewage or industrial wastes.

Tolerances for oxygen consumed in feed water for low-and
high-pressure boilers are 15 and 3 ppm, respectively (Northeast
Water Works Association, 1940). Wash water containing more
than 8 ppm has been reported to import a bad odor to textiles;
concentrations for water used in beverages and brewing range
from 0.5 to 5.0 ppm (California State Water Pollution Control
Board, 1952, 1954).

Organics

Phenols. --Phenolic material in water resources is invariably
the result of pollution. Phenols are widely used as disinfectants
and in the synthesis of many organic compounds. Waste products
from oil refineries, coke areas, and chemical plants may contain
high concentrations. Fortunately, phenols decompose in the pres-
ence of oxygen and organic material, and their persistence down-
stream from point of entry is relatively short lived. The rate of
decomposition is dependent on the environment.

Very low concentrations impart such a disagreeable taste to
water that it is highly improbable that harmful amounts could be
consumed unknowingly. Reported thresholds of detection of taste
and odor range from 0. 001 to 0. 01 ppm.

Detergents (ABS). --The chief surfactant in commercial de-
tergents is anionic alkylbenzenesulfonate (ABS). ABS and other
anionic surfactantsresistchemical oxidation and biological break-
down. Their persistence in water over long periods of time con-
tributes to pollution of both ground water and surface water. Some
of the effects produced from detergent pollution are unpleasant
taste, odor, and foaming (Wayman, Robertson, and Page, 1962).
Although the physiological implications of ABS to human beings is
unknown, prolonged ingestion of this material by rats is beliew;?
to be nontoxic (Paynter, 1960). The U.S. Public Health Seryice
(1962) recommends that ABS should not exceed 0. 5ppm indrinking
and culinary waters.

Temperature

Temperature is an important factor in property determining
the quality of water. This is very evident for such a direct use

314-277 O - 68 - 3
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as an industrial coolant. Temperature is also important, but per-
haps not so evident, for its indirect influence upon aquatic biota,
concentrations of dissolved gases, and distribution of chemical
solutes inlakes and reservoirs as a consequence of thermal strati-
fication and variation.

Surface water temperatures tend to change seasonally and daily
with air temperatures, except for the outflow of large springs.
Superimposed uponthe annual temperature cycle is a daily fluctu-
ation of temperature which is greater in warm seasons than in
cold and greater in sunny periods than with a cloud cover. Natu-
ral warming is due mainly to absorption of a solar radiation by
the water and secondarily to transfer of heat from the air or from
the bottom. Condensation of water vapor at the water surface is
reported to furnish measurable quantities of heat. Heat loss takes
place largely through radiation, with further losses through evap-
oration and conduction to the air and bottom. Thus the temper-
ature of a small stream generally reaches a maximum in mid-to
late afternoon due to solar heating and reaches a minimum from
early to mid-morning after nocturnal radiation.

Temperature variations which commonly occur during sum-
mer in lakes and reservoirs of temperate regions results in a
separation of the water volume into a circulating upper portion
and a non-circulating lower portion. Separating the two is a stra-
tum of water of variable vertical thickness in which the temperature
decreases rapidly with increasing depth. This physical division
of the water mass into a circulating and a stagnant portion is the
result of density differences in the water column associated with
the temperature distribution. Knowledge of the stratification in a
body of water may result in increased utility by locating strata of
more suitable characteristics. For example, the elevation of an
intake pipe may be changed to obtain water of lower temperature,
higher pH, less dissolved iron, or other desirable properties.

Temperature is a major factor in determining the effect of
pollution on aquatic organisms. The resistance of fish to certain
toxin substances hasbeen shown to vary widely with temperature.
The quantity of dissolved oxygen which the water can contain is
also temperature dependent. Oxygen is more soluble in cold wa-
ter than in warm water, hence the reduction of oxygen concentra-
tions by pollution is especially serious during periods of high
temperature when oxygenlevels are already low. Increased tem-
peratures also accelerate biological activity including that of the
oxygen-utilizing bacteria which decompose organic wastes. These
pollutional effects may be especially serious when low flow con-
ditions coincide with high temperatures. Summary temperature
data of water are essential for planning multiple uses of water
resources.
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Turbidity

Turbidity is the optical property of a suspension with refer-
ence to the extent to which the penetration of light is inhibited by
the presence of insoluble material. Turbidity is a function onboth
the concentration andparticle size of the suspended material. Al-
though it is reported in terms of parts per million of silica, it is
only partly synonymous with the weight of sediment per unit vol-
ume of water.

Turbid water is abrasive in pipes, pumps, and turbine blades.
In process water, turbidities much more than 1 ppm are not tol-
erated by several industries, but others permit up to 50 ppm
higher (Rainwater, Thatcher, 1960, p. 289). Although turbidity
does not directly measure the safety of drinking water, it is re-
lated to the consumers acceptance of the water. A level of 5 units
of turbidity becomes objectionable to a considerable number of
people (U.S. Public Health, 1962).

Sediment

Fluvial sedimentis generally regarded as that sediment which
is transported by, suspended in, or deposited by water. Suspended
sediment is that part of it which remains in suspension in water
owing to the upward components of turbulent currents or by col-
loidal suspension. Much fluvial sediment results from the natural
process of erosion, which in turn is part of the geologic cycle of
rock transformation. This natural process maybe accelerated by
agricultural practices. Sediment is also contributed by a number
of industrial and construction activities. In certain sections, waste
materials from mining, logging, oil-field, and other industrial
operations introduce large quantities of suspended as well as dis-
solved material.

The quantity of sediment, transported or available for trans-
portation, is affected by climatic conditions, form or nature of
precipitation, character of the solid mantle, plant cover, topo-
graphy, and land use. The mode and rate of sediment erosion,
transport, and deposition is determined largely by the size dis-
tribution of the particles or more precisely by the fall velocities
of the particles in water. Sediment particles in the sandsize
(larger than 0. 062 mm) range do not appear to be affected byfloc-
culation or dispersion resulting from the mineral constituents in
solution. In contrast, the sedimentation diameter of clay and silt
particles in suspension may vary considerably from point to point
in a stream or reservoir, depending on the mineral matter in so-
lution and in suspension and the degree of turbulence present. The
size of sediment particles intransport at any point depends onthe
type of erodible and soluble material in the drainage area, the
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degree of flocculation present, time in transport, and character-
istics of the transporting flow. The flow characteristics include
velocity of water, turbulence, and the depth, width, and roughness
of the channel. As a result of these variable characteristics, the
size of particles transported, as well as the total sediment load,
is in constant adjustment with the characteristics and physical
features of the stream and drainage area.

STREAMFLOW

Most of the records of stream discharge, used in conjunction
with the chemical analyses and in the computation of sediment
loads inthis volume, are published in Geological Survey State re-
ports on the surface-water supply of the United States. The dis-
charge reported for a composite sample is usually the average of
daily mean discharges for the composite period. The discharges
reported in the tables of single analyses are either daily mean
discharges or dischargesfor the time at which samples were col-
lected, computed from a stage-discharge relation or from a dis-
charge measurement.

PUBLICATIONS

Reports giving records of chemical quality and temperatures
of surface waters and suspended-sedimentloads of streams in the
area covered by this volume for the water years 1941-60, are
listed below:

Numbers of water-supply papers containing records for
Parts 7 and 8, 1941-60

Year WSP Year WwWSP Year WSP Year wWSpP

1941 942 1947 | 1102 1953 | 1292 1959 | 1654
1942 950 1948 | 1133 1954 | 1352 1960 | 1744
1943 970 1949 | 1163 1955 | 1402
1944 | 1022 1950 | 1188 1956 | 1452
1945 | 1030 1951 | 1199 1957 | 1522
1946 | 1050 1952 | 1252 1958 | 1573

Geological Survey reports containing chemical quality, tem-
perature, and sediment data obtained before 1941 are listed below.
Publications dealing largely with the quality of ground-water sup-
plies and only incidentally covering the chemical composition of
surface waters are not included. Publications thatare out of print
are preceded by an asterisk.



*135.

*479.
770.

*108.

*161.

*193.
*236.

*2317.
*239.
*2173.

*274.

*339.
*363.
*418.

PUBLICATIONS 25

PROFESSIONAL PAPER

Composition of river and lake waters of the United States,
1924.

BULLETINS

The geochemical interpretation of water analyses, 1911.
The data of geochemistry, 1924.

WATER-SUPPLY PAPERS

Quality of water in the Susquehanna River drainage basin,
with an introductory chapter on physiographic features,
1904.

Quality of water inthe upper Ohio River basin and at Erie,

a., 1906.

The quality of surface waters in Minnesota, 1907.

The quality of surface waters in the United States, Part 1,
Analyses of waters east of the one hundredth meridian,
1909.

The quality of the surface waters of Cahforma, 1910.

The quality of the surface waters of Illinois, 1910.

Quality of the water supplies of Kansas, with a prelimi-
nary report on stream pollution by mine waters in south-
eastern Kansas, 1911.

Some stream waters of the western United States, with
chapters on sediment carried by the Rio Grande and the
industrial application of water analyses, 1911.

Quality of the surface waters of Washington, 1914.

Quality of the surface waters of Oregon, 1914,

Mineral springs of Alaska, with a chapter on the chemical
character of some surface waters of Alaska, 1917.

*596-B. Quality of water of Colorado River in 1925-26, 1928.
*596-D. Quality of water of Pecos River in Texas, 1928.

*596-E.

Quality of the surface waters of New Jersey, 1928.

*636-A. Quality of water of the Colorado River in 1926-28, 1930.
*636-B. Suspended matter inthe Colorado River in1925-28, 1930.

*638-D.
*839.

*889-E.

*998.
1048.

i

1110-C.

Quality of water of the Colorado River in1928- 30 1932.
Quality of water of the Rio Grande basin above Fort Quit-
man, Tex., 1938.

Chemical character of surface water of Georgia, 1944.
Suspended sediment in the Colorado River, 1925-41, 1947.
Discharge and sediment loads in the Boise River drainage
basin, Idaho, 1939-40, 1948.

Quality of water of Conchas Reservoir, New Mexico,

1939-49, 1952.



26 QUALITY OF SURFACE WATERS, 1960

Many of the reports listed are available for consultation in the
larger public andinstitutional libraries. Copies of Geological Sur-
vey publications still in print may be purchased at a nominal cost
from the Superintendent of Documents, Governinent Printing Office,
Washington, D.C. 20204, who will, upon request, furnish lists
giving prices.

COOPERATION

Many municipal, State, and Federal agencies assisted in col-
lecting records for water-quality investigations in the drainage
basins included in this volume. Many of the investigations were
supported by funds appropriated directly to the Geological Survey.
Studies of suspended-sediment loads in the middle Rio Grande in
New Mexico were started in 1948 as a Federal project.

Financial assistance was furnished by the Bureau of Reclama-
tion, United States Department of the Interior, for some investi-
gations inthe Arkansas River basin in Kansas and Oklahoma. The
Soil Conservation Service, United States Department of Agricul-
ture, assisted with special sediment studies in the Rio Grande
in New Mexico. The Corps of Engineers, United States Army,
provided funds and determined the sediment concentration and par-
ticle size of bed material in connection with the sediment investi-
gations of the Mississippi River at St. Louis, Mo., and gave as-
sistance for investigations in Texas. The United States Public
Health Service assisted in the operation of two chemical-quality
stations in the Red River basin in Arkansas.

The table on page 27 lists the State and local agencies that
cooperated in water-quality investigations in the area covered in
this volume and also the locations of the quality-of-water district
offices responsible for the data collected.

DIVISION OF WORK

The quality-of-water program was conducted by the Water
Resources Division of the Geological Survey, L. B. Leopold,
chief hydrologist, and S. K. Love, chief, Quality of Water Branch.
The data were collected and prepared for publication under the
supervision of the following district engineers or district chemists:
In Missouri and the Arkansas River basin in Kansas, D. M. Cul-
bertson; Lousiana and Texas, Burdge Ireland, succeeded by L. S.
Hughes; Arkansas, M. E. Schroeder; Oklahoma, R. P. Orth; New
Mexico and the Rio Grande and Arkansas River basins in Colo-
rado, J. M. Stow. Any additional information on file can be ob-
tained by writing or visiting the responsible Survey district office.
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34 QUALITY OF SURFACE WATERS, 1960

MISSISSIPPI RIVER MAIN STEM--Continued
7-100, MISSISSIPPI RIVER AT ST. LOUIS, MO,--Continued

Suspended sediment, water year October 1959 to September 1960
OCTOBER NOVEMBER DECEMBER
Suspended sediment Suspended sediment Suspended sediment
Day N(lienn M Mean _M Mean "
is- ean dis- ean dis- ean
charge |concen-|  Toms charge |concen-|  Tors charge |concen- |  Tons
(cfs) tration day (cfs) tration day (cfs) tration day
(ppm) (ppm) (ppm)
234000 1200 760000 140000 550 210000 80500 192 41700
209000 1180 666000 132000 380 140000 85000 190 43600
197000 1300 690000 134000 342 124000 85800 175 40500
192000 1100 570000 140000 360 136000 88800 172 41200
193000 818 426000 139000 375 141000 92800 170 43000
231000 900 560000 140000 365 138000 96000 180 47000
297000 1200 960000 151000 300 120000 92000 177 44000
342000 1600 1480000 165000 340 150000 92800 151 37800
355000 1740 1670000 171000 385 178000 91200 130 32000
355000 1600 1530000 176000 385 183000 87200 130 31000
355000 1350 1290000 159000 340 150000 87200 146 34400
351000 1300 1230000 148000 320 130000 92000 150 37000
302000 1400 1100000 137000 308 114000 86500 140 33000
2648000 895 599000 139000 340 130000 83500 128 28900
215000 750 440000 131000 320 110000 85800 120 28000
178000 716 344000 122000 300 98800 85800 134 31000
168000 700 320000 116000 240 75000 85800 170 39000
164000 600 270000 107000 250 72200 86500 196 45800
157000 432 183000 98400 240 64000 88000 220 52000
147000 360 140000 86500 208 48600 91200 220 54000
141000 450 171000 90400 190 46000 96000 262 67900
128000 500 170000 90400 200 49000 100000 260 70000
117000 400 126000 95200 255 65500 101000 209 57000
121000 440 140000 98400 185 49200 96800 200 52000
109000 500 150000 98400 185 49100 96800 150 39000
119000 470 151000 93600 170 43000 93600 ~~ |E 35000
142000 500 190000 97600 158 41600 97600 120 32000
140000 667 252000 98400 140 37000 101000 136 37100
143000 1100 420000 100000 150 | © 40000 116000 260 81000
146000 762 300000 88800 160 38400 156000 276 116000
145000 750 290000 - - - 176000 267 127000
Total | 6341000 - 17588000 3683100 - 2971400 2995200 - 1498900
I
JANUARY FEBRUARY MARCH
192000 320 170000 138000 359 134000 107000 | 276 79700
199000 -- |[E 410000 132000 349 124000 102000 |C 300 76000
197000 800 430000 131000 400 141000 102000 (C 300 76000
182000 611 300000 133000 322 116000 100000 ¢ 300 76000
168000 500 230000 140000 427 161000 97600 Cc 300 76000
136000 519 190000 150000 500 200000 93600 [C 300 76000
106000 470 135000 164000 550 240000 | 94400 C 300 76000
104000 412 116000 175000 739 349000 | 91200 |C 300 76000
112000 340 100000 171000 815 376000 | 87200 [C 300 76000
117000 340 | 110000 ) 165000 621 277000 ‘ 84200 C 300 76000
116000 299 93600 169000 600 270000 | 88000 |C 300 76000
114000 240 74000 166000 750 340000 92000 C 300 76000
137000 303 112000 156000 650 270000 96000 ’C 300 76000
172000 412 191000 147000 550 220000 96£00 | 324 84700
218000 558 328000 143000 553 214000 91200 160 39400
16es| 262000 1020 722000 141000 550 210000 87200 114 26800
17.. 309000 1820 1520000 139000 528 198000 93600 204 51600
1844 | 333000 2000 1800000 138000 550 200000 | 97600 260 69000
19¢4| 340000 2090 1920000 132000 427 152000 102000 220 61000
2044 338000 1690 1540000 118000 360 110000 111000 240 72000
312000 1800 1500000 120000 320 100000 108000 242 70600
251000 2200 1500000 129000 300 100000 98400 | 170 45200
177000 2000 960000 124000 293 98100 95200 242 62200
140000 2100 790000 120000 332 108000 120000 | 400 130000
122000 1200 400000 116000 289 90500 141000 750 290000
118000 850 270000 114000 340 100000 | 151000 999 407000
116000 601 188000 110000 340 100000 | 170000 611 280000
125000 440 150000 111000 320 96000 216000 728 425000
137000 393 145000 111000 300 90000 l 319000 1290 © 1110000
153000 413 171000 - - ~= || 431000 2750 3200000
144000 380 150000 — - - I 511000 3600 5000000
Total| 5647000 | -- | 16715600 4003000 - 5184600 4275200 -- | 12416200

E Estimated,
C Composite period.
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MISSISSIPPI RIVER MAIN STEM--Continued
7-100. MISSISSIPPI RIVER AT ST. LOUIS, MO.--Continued

Suspended sediment, water year October 1959 to September 1960--Continued
APRIL MAY JUNE
Suspended sediment Suspended sediment Suspended sediment
Day Mean M T Mean 7 ] Mean ™
dis- ean dis- ean | dis- ean
charge concen- T:e':_’ charge concen- Tor:a charge concen~ T°';’
(cfs) tration da (cfs) tration :: (cfs) tration :‘
(ppm) v (ppm) Y (ppm) nd
les 532000 3200 4600000 364000 500 490000 353000 715 681000
240 556000 2880 4310000 386000 565 589000 338000 850 780000
3ee| 576000 2740 | 4260000 396000 600 640000 326000 658 579000
be0 596000 1900 3100000 388000 807 845000 311000 650 550000
5¢¢| 614000 1630} 2700000 372000 900 900000 299000 600 480000
6ee| 631000 1500 | 2600000 372000 700 700000 289000 600 470000
Tee | 666000 1780| 3100000 392000 650 690000 278000 480 360000
8ee | 659000 1500 | 2700000 423000 600 690000 271000 480 350000
Gee 664000 1340 2400000 446000 1020 1230000 276000 625 466000
10ee 667000 1200 2200000 461000 1000 1200000 281000 903 685000
1les 651000 1180 2070000 463000 1040 1300000 271000 950 700000
1244 | 621000 1100| 1800000 468000 950| 1200000 252000 750 510000
134, 601000 1040 1690000 468000 1160 1470000 240000 730 473000
14es| 578000 750 1200000 446000 1500 1800000 237000 550 350000
1504 542000 900 1300000 416000 750 840000 246000 483 321000
1645 500000 850| 1100000 390000 567 597000 278000 500 380000
17+s| 486000 1100} 1400000 376000 558 566000 300000 1040 842000
18¢e | 490000 1220| 1610000 360000 555 539000 292000 950 750000
19¢¢| 495000 1400 1900000 358000 500 480000 | 268000 900 650000
20. 4590000 1160 1530000 | 362000 451 441000 i 237000 850 540000
21.e 481000 950 1 1200000 i 368000 600 600000 212000 900 520000
2244 | 463000 1040| 1300000 | 362000 750 730000 | 218000 800 470000
2344 446000 950 1100000 | 360000 909 884000 227000 887 544000
264ee | 427000 850 980000 364000 1000 980000 242000 1070 699000
25..| 404000 750 820000 378000 1100 1120000 286000 1500 1200000
2644 | 380000 587 602000 396000 1000] 1670000 316000 2200 1900000
2744 | 357000 500 480000 398000 1010 1090000 297000 2160( 1730000
28as | 342000 470 434000 392000 1300 1400000 259000 1940 1360000
29¢¢| 333000 502 451000 394000 10601 1100000 265000 2440| 1750000
30.e | 338000 500 460000 388000 1000| 1000000 284000 2400! 1800000
31l.. - - - 370000 766 765000 - - -
Total | 15564000 ~-| 55397000 12277000 ~-~| 27946000 8249000 --| 22890000
JuLy AUGUST ! SEPTEMBER
leo| 311000 | 1970| 1650000 101000 | 200 55000 136000 750 280000
200 317000 1730 1480000 100000 J 186 50200 152000 637 261000
30 345000 1600 1500000 99200 170 46000 172000 ¢ 1200 560000
4es{ 370000 1500| 1500000 | 95200 153 39300 | 163000 900 400000
5e¢s| 370000 1660i 1660000 | 96800 173 45200 151000 900 370000
6ee| 345000 1840, 1710000 | 107000 160 46000 140000 800 300000
7.4 | 304000 1700, 1400000 | 115000 140 43000 | 133000 542 195000
- 281000 1370' 1040000 | 125000 124 41900 128000 360 120000
9ee| 257000 | 1000 690000 | 121000 113 36900 | 123000 230 76400
10..) 228000 | 700, 430000 116000 130 41000 | 119000 260 77000
11..] 203000 515 282000 107000 150 43000 115000 300 93000
12¢s] 196000 375 198000 117000 | 163 51500 | 107000 | 340 98200
13es| 199000 359 193000 124000 180 60000 102000 280 77000
l4es| 243000 420 280000 | 115000 280 87000 98400 292 77600
15..] 246000 750 500000 | 106000 610! 175000 100000 260 70000
16ea| 210000 745] 422000 96000 700 180000 100000 249 67200
17..| 178000 750 360000 96800 651, 170000 | 97600 240 63000
18+ 166000 550 250000 96800 480 130000 91200 240 59000
1944 | 159000 373 160000 97600 308 81200 | 83500 198 44600
20ee; 154000 344 143000 99200 260 70000 85000 170 39000
21as| 140000 440 170000 99200 220 59000 88000 130 31000
22.4| 125000 658 222000 118000 228 72600 102000 150 41000
23..| 121000 600 200000 142000 489, 187000 103000 148 41200
244.| 124000 600 200000 140000 900 340000 | 96000 170 44000
25.e| 122000 450 148000 128600 1200 410000 ‘ 94400 220 56000
|
26ee 120000 380 120000 121000 643 210000 94400 225 57300
27e0 119000 405 130000 110000 650 190000 102000 480 130000
2844 120000 360 120000 96800 550 140000 [ 116000 340 106000
29+¢| 120000 452 146000 96400 450 110000 124000 360 120000
30ee| 110000 380 110000 98400 298 79200 133000 526 189000
3lee| 100000 260 70000 114000 426 131000 - . -
Total| 6403000 | 17484000 3393400 --1 3421000 3449500 --| 4143500

Total discharge for year (CfS~day¥S)..ieeeeeerssonscacosses
Total load for year (toms).............

76280400
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LOWER MISSISSIPPI RIVER BASIN
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LOWER MISSISSIPPI RIVER BASIN

ARKANSAS RIVER BASIN--Continued

7-1442, LITTLE ARKANSAS RIVER AT VALLEY CENTER, KANS,-~Continued

Suspended sediment, water year October 1959 to September 1960

ere no concentrations are reported, loads are estimated/

57

OCTOBER NOVEMBER DECEMBER
M Suspended sediment Suspended sediment Suspended sediment
ean M - T [
Day dia- Mean Tons d::'n Mean Tons 1\:’[‘::'“ Mean Tons
charge concen- per charge concen- per charge concen- per
(cfs) tration da (cfs) tration 4 (cfs) tration d
(ppm) 4 (ppm) ay (ppm) nd
35 290 27 146 279 110 | 43 4 05
439 1320 1930 118 186 59 ! 43 - .6
1590 1000 4290 96 158 41 43 8 .9
1120 1240 3750 85 149 34 43 ~ 9
1980 1620 8660 73 106 21 43 - .9
1800 946 4600 65 46 8e1 43 -~ 1
571 798 1230 60 19 6e3 | 43 1.0
323 768 670 57 41 6e3 43 1
290 783 | 613 56 42 646 43 1
260 726 510 57 39 640 43 | - 1
232 884 554 ' 57 38 548 b -~ 1
184 868 431 | 58 30 47 43 ~- 1
354 1180 1230 | 58 - [ 43 ~- 1
468 898 1130 55 3 43 ' 9 1.0
284 796 610 53 - 2 4l - 1
]
! |
174 798 375 49 16 241 46 l ~ 1
133 581 209 47 - 2 46 I - 1
110 412 122 46 17 241 | 46 10 le2
94 277 70 47 8 1.0 | o4 4 o5
84 173 ! 39 4“8 -- o 43 3 o3
78 146 30 47 6 .8 42 | 9 1.0
73 118 23 47 -— 1 42 5 .6
68 78 14 47 10 1.3 ’i 42 ! 5 .6
61 46 746 46 10 | 1.2 | w2 | “ “
59 29 4eb 46 - o 42 ‘} - .7
56 42 6ot 45 - o7 | 42 | -~ .8
53 29 4ol 45 - o7 | 45 | 9 1.1
52 22 | 3.1 43 4 o5 62 ‘ - 6
51 28 349 42 1 o1 107 | - 15
57 29 745 42 - o2 ! 84 - 12
111 - 80 - -- - 93 - 14
+ +
11244 | - 3123402 1761 -- 33343 1515 | -- 7040
I
JANUARY FEBRUARY MARCH
lee 79 - 13 29 | -- 220 | 8 | - 2
244 68 —- 10 392 | 602 | 637 95 ‘ - | 3
£ 66 38 608 | e 801 | 960 | mo | - 3
boo 60 59 9+6 | 359 - 380 90 | -- ‘ 2
See 62 - 7 477 -1 500 70 ! - | 2
6es 65 - 5 1060 1210 | 3460 B - 2
Tes 66 15 2.7 1280 1310 | 4530 70 10 | 1.9
8.0 58 -- 4 1390 1280 | 4800 75 11 2.2
9ee 57 | -- 4 1330 1240 | 4450 76 10 2.1
1Caa 54 - 5 i 1120 1410 4260 81 13 2.8
i i
1les 55 - 5 ) 455 1 1360 1670 83 | 16 | 3.6
1240 57 -- | 6 | 234 1290 815 86 22 | 5.1
1344 61 38 | 602 182 902 | 483 | 93 27 | 6.8
laee 96 -- 32 164 278 | 123 102 33 9.1
1540 265 414 296 151 | 173 71 122 - 13
| |
1640 688 - 1400 144 | 149 | 58 115 - | 16
17.01 698 -~ 1300 136 . 139 51 105 4l 12
18. 395 -- 650 | 133 88 32 104 47 13
1940 168 550 | 240 | 144 58 22 200 ' 218 118
204, 100 , 501 135 | 157 73 31 | 497 ' 501 672
21ee 80 | 506 ! 109 | 145 85 | 33, 1030 742 2060
2240 55 - 60 110 - 18 2380 | 1300 8380
234 60 42 100 -- 14 3240 798 6980
2444 65 - 24 80 - 8 | 3970 | 893 9570
2544 70 67 13 85 | -- 7 5130 | 1180 | 16400
|
2600 72 53 10 90 - 6 5450 1090 16000
2740 112 - 30 85 - 5 5740 | 1110 ! 17200
28 202 181 99 80 -- 5 5150 1260 17500
294 168 194 88 85 - P 3120 1160 | 2760
3000 | 169 181 82 - -- - 1600 1080 4660
3.0 182 -- 85 | - -- - 567 1180 1810
; -
Total 4453 - 4779.3 10881 -- 27613 | 39711 -- 11121146
. :

S Computed by

subdividing day.



58 QUALITY OF SURFACE WATERS, 1960

ARKANSAS RIVER BASIN--Continued
7-1442, LITTLE ARKANSAS RIVER AT VALLEY CENTER, KANS,--Continued

Suspended sediment, water year October 1959 to September 1960--Continued
__/Where no concentrations are reported, loads are estimated/

APRIL MAY JUNE
Suspended sediment Suspended sediment Suspended sediment
Mean Mean O Mean - —
Day dis- Mean Tons dis- Mean Tons dis- Mean Tons
charge concen- per charge concen~ per charge concen- per
(cfs) tration da (cfs) tration da (cfs) tration da
(ppm) o (ppm) y (ppm) v
lee 465 998 1250 246 1430 950 258 788 549
240 612 - 3800 172 498 231 171 338 156
IS 464 2020 2530 143 298 115 172 342 159
boo 346 1110 1040 944 3460 |S 8820 | 132 218 78
See 278 545 409 9840 2270 60400 | 130 - 120
6ee 248 411 275 8410 1460 33200 180 798 388
Tes 226 332 203 7450 1290 25900 210 708 401
8ee 204 253 139 4820 1040 13500 562 2180 s 4150
9ee 190 212 109 1980 875 4680 2160 1440 8430
10se 180 187 91 662 855 1530 2690 1120 8140
169 181 83 399 745 803 2540 958 6570
162 192 84 292 499 393 1860 802 4030
157 186 79 251 383 260 1020 932 2570
182 306 150 231 281 175 940 983 2490
199 - 400 214 173 100 645 781 1360
178 423 203 198 161 86 336 599 543
281 -~ 700 184 148 7% 363 569 558
345 393 366 176 131 62 ¢ 699 1020 1920
163 298 115 174 121 57 798 1880 4050
130 261 92 154 109 45 538 1250 1820
120 208 67 150 103 42 1410 1980 7540
119 147 47 151 88 36 2020 1110 6050
114 121 37 | 147 84 33 2080 - 4500
111 151 45 | 147 116 46 1470 - 2000
110 159 47 147 281 1z ! 353 - 240
108 143 40 143 212 82 i .258 - 140
98 129 34 118 102 32 229 110
97 112 29 111 83 25 206 85
560 2320 |S 4130 214 - 320 182 - 75
490 2280 |s 3350 720 1440 2800 165 132 59
- - - 490 1360 1800 - - -
7083 - 19944 39478 - 156709 | 24777 - 69281
JuLy AUGUST SEPTEMBER
150 119 «8 58 69 1 1180 2290 7300
140 108 41 51 81 11 742 - 3400
133 103 37 48 63 8.2 286 -- 850
127 129 44 49 41 Se4 224 | 625 378
125 -- 60 53 [ 9.2 198 313 167
147 - 80 51 79 ¢ 1 172 222 103
116 - 55 52 55 Te7 | 155 177 | 7%
103 -- 42 195 724 |S 582 | 146 168 ! 66
100 - 38 351 1080 1020 | 288 - 420
97 - 36 250 742 501 } 291 598 «70
92 - 32 130 461 162 224 547 331
86 118 27 85 272 62 171 ' a18 193
81 163 36 75 151 31 146 274 108
74 146 29 66 108 19 123 216 72
68 91 17 55 89 13 111 187 56
65 84 | 15 55 91 14 103 135 38
66 141 25 75 370 75 97 101 ! 26
74 122 24 240 - 900 92 79 20
69 71 13 112 643 194 89 78 19
61 62 10 69 302 56 83 72 | 16
58 89 14 58 259 40 ’ 80 69 15
58 75 12 81 275 60 | 79 71 15
57 59 9.1 62 101 17 465 | 1450 |S 3560
55 49 743 1180 1840 |s 5880 | 3950 - 26000
53 48 6.9 3490 1070 10100 3680 1480 14700
52 47 646 6560 1680 29800 1780 1060 5080
50 | 13 405 9830 1090 28900 1160 1860 5830
49 33 4k 5730 814 12600 563 1340 2040
49 42 546 3200 536 4630 223 695 418
57 - 12 1210 563 |S 1840 178 ;39 189
78 128 27 961 2120 5500 | -~ - --
Total 2590 - l 81844 34482 -= 10305945 17079 - 71954
Total discharge for year (CfS-day¥S)ee.veeececscecsonseaanes 195074
Total 1oad for year (ToNS)...uieiveeieresvoncsscnsasacanns 597007.3

S Computed by subdividing day,



7-1442, LITTLE ARKANSAS RIVER AT VALLEY CENTER, KANS,--Continued

LOWER MISSISSIPPI RIVER BASIN

ARKANSAS RIVER BASIN--Continued

59

Suspended sediment through floodway, water year Octoher 1959 to September 1960

Suspended sediment Suspended sediment
Mean " Mean "
dis- lean dis- lean
Date charge | concen- Tons Date charge | concen- Tons
(cts) tration ger (cfs) tration g"“'
(ppm) 2y (ppm) ay
Mar, 22, 1960... 388 948 8 1230 June 9, 1960.... 175 - E 360
Mar, 23 893 812 1960 331 - E 1000
Mar. 1600 895 3870 205 - E 500
Mar, 2420 1170 7640 711 - 1860
Mar, 2670 1120 8070 242 338 S 1070
Mar., 2950 1160 9240
¥ 969 1070 S 3120
ar, 2470 1240 8270
Mar, 794 1210 2590 3720 1640 S 18500
H;rch 6310 1080 18400
2740 845 6250
total, . 14185 - 42870 744 545 1090
May .o 369 809 8 3790 . 7 152 3
May . 6620 2300 41100 August total.. 14732 = 48433
May .e 5290 1490 21300
Ma, Sept. 24.... 1460 — T 9000
y . 4430 1300 15500
Ma : Sept. 25.. 1150 1450 S 48860
y . 2220 1020 6110
May 182 656 322 Sept. 26........ 46 638 79
i September
May total,.... 19111 - 88122 total,...... 2656 - 13939
Total discharge for year (cfs-days)....... 51395

Total load for year (toms),,

195224

E Estimated,

S Computed by subdividing day.
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LOWER MISSISSIPPI RIVER BASIN
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136 QUALITY OF SURFACE WATERS, 1960

ARKANSAS RIVER BASIN--Continued
7~2310, LITTLE RIVER NEAR SASAKWA, OKLA,

LOCATION.~--At gaging station on county highway bridge, 2.8 miles northwest of Sasakwa,
Seminole County, and 8.7 miles downstream from Salt Creek.

DRAINAGE AREA,--865 square miles.

RECORDS AVAILABLE,--Chemical analyses: September 1951 to September 1960.
Water temperatures: October 1955 to September 1960,

EXTREMES, 1959-60.--Specific conductance: Maximum daily, 6,090 micromhos Oct. 25; minimum
daily, 272 micromhos Aug. 21.
Water temperatures: Maximum, 88°F July 8, 10-12, Aug. 3; minimum, 33°F Feb, 24, 26.

EXTREMES, 1955-60,--Dissolved solids (1955~57): Maximum, 129,000 ppm Oct, 30-31, 1956;
minimum, 189 ppm June 11, 1957,
Hardness (1955-57): Maximum, 24,400 ppm Oct. 30-31, Nov, 1-2, 1956; minimum, 112 ppm
June 11, 1957,
Specific conductance: MaXimum daily, 138,000 micromhos Oct. 31, 1956; minimum daily,
272 micromhos Aug., 21, 1960,
Water temperatures: Maximum, 93°F July 27, Aug. 14, 1956; minimum, 33°F Dec. 16, 1955,
Jan, 18, Feb, 3, 1956, Feb. 24, 26, 1960.

REMARKS. --Records of discharge for water year October 1959 to September 1960 given in

Wwsp 1711,
Chloride and specific conductance, water year October 1959 to September 1960
OCTOBER NOVEMBER DECEMBER JANUARY
Specific Specific Specific Spegif%c
duct- duct- conduct- . conduct-
Day | Chloride | ““puoc’” | chloride | ““hnce’ [ Chloride Tnce Chloride nce
(cl) (micro- (c1) (micro- (c1) (micro- (C1) (micro-
ppm mhos at ppm mhos at ppm mhos at ppm mhos at
25°C) 25°C) 25°C) 25°C)
1.. 20 460 700 2380 1450 4820 780 2900
2,. 600 2160 650 2400 1400 4650 790 2900
3.. 580 2140 - - 1380 4700 720 2600
4., 660 2430 1050 3580 1400 4700 740 2630
5.. 680 2430 1020 3610 1250 4340 440 1790
6.0 1120 3880 1080 3710 1280 4320 450 1780
7. 1130 3950 1080 3700 1400 4720 125 598
8.. 1170 4040 1180 4190 1380 4700 265 1160
9.. 1170 4010 1200 4070 1400 4700 310 1300
10.. 1290 4390 1120 3910 1380 4650 300 1300
11.. 1350 4510 1120 3920 1400 4530 415 1560
12.. 1350 4580 1300 4510 1300 4440 395 1560
13.. 1350 4600 1320 4390 1500 4930 450 1770
14,. 1350 4570 1400 4760 1500 4880 700 2580
15.. 1350 4630 1400 4710 1250 4400 690 2580
16,. 1380 4580 1500 5080 265 1070 860 3100
17.. 1420 4820 1500 5000 262 1070 870 3080
18.., 1420 4800 1300 4480 262 1070 900 3290
19,. 1600 5240 1300 4370 320 1330 905 3300
20., 1580 5270 1350 4630 195 889 905 3300
21.. 1500 4970 1320 4560 365 1540 900 3260
22,. 1500 5020 1320 4540 355 1360 1080 3750
23.. 1620 5450 1350 4620 360 1570 875 3180
24, ., 1650 5420 1500 5110 350 1370 1020 3780
25.. 1880 6090 1500 5110 340 1430 275 1100
26.. 1900 5970 1450 4890 370 1540 300 1100
27.. 1850 6050 1450 4860 450 1810 - -—
28.. 1280 4380 1450 4880 1000 3670 450 1690
29,. 1300 4380 1400 4860 1050 3700 550 2120
30.. 255 997 1450 4920 1000 3640 - -
31,. . _— - - 1100 3790 700 2680
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ARKANSAS RIVER BASIN--Continued
7-2310, LITTLE RIVER NEAR SASAKWA, OKLA.--Continued
Chloride and specific conductance, water year October 1959 to September 1960--Continued
FEBRUARY MARCH APRIL MAY
Specific Specific Specific Specific
t- duct- onduct- conduct~

Day | Chioride | ©OROUC Chloride | ““hooc Chioride | %pooe Chloride ance
(C1) (micro- (c1) (micro- (C1) (micro- (c1) (micro-
ppm mhos at ppm mhos at ppn mhos at ppm mhos at

25°C) 25°C) 25°C) 25°C)
1,. 700 2660 900 3300 1200 4280 111 606
2.. 800 2850 880 3150 1200 4240 110 599
3.. 800 2890 870 3210 1550 4520 - -—
4.. 850 3180 550 2200 1580 4660 395 1640
5.. 850 3180 560 2200 1150 4010 580 2220
6.. 950 3360 990 3520 1150 4000 580 2230
7. 950 3370 980 3510 138 721 580 2260
8.. 1000 3520 810 2970 135 719 580 2160
9.. 1020 3550 800 2920 132 724 710 2660
10.. 675 2570 790 2910 132 720 700 2670
11,. 700 2550 750 2610 440 1700 900 3250
12.. 825 3070 725 2640 435 1710 925 3220
13.. 850 3060 900 3180 690 2590 900 3250
4., 825 3100 950 3220 685 2590 900 3270
15.. 850 3100 900 3100 895 2980 50 352
16.. 900 3310 925 3250 800 2950 48 343
17.. 925 3300 1150 3840 905 3270 46 325
18.. 900 3300 1100 3840 900 3300 48 326
19.. 925 3300 1150 3970 1150 4060 64 411
20,. 875 3200 1150 4060 1150 4060 66 410
21,, 850 3160 1350 4490 1200 4130 650 2430
22,. 800 2950 640 2510 1220 4140 700 2610
23,. 800 2910 660 2490 1200 4130 700 2610
24,. 775 2940 1350 4560 1250 4130 1120 3830
25.. 775 2940 800 2970 - - 1100 3840
26.. 750 2890 825 2970 - - 925 3270
27.. 800 2910 900 3300 188 844 900 3270
28, , 750 2840 900 3270 189 850 650 2410
29,., 800 3270 - - 52 362 625 2410
30.. - - - — 52 362 800 2870
31.. - - - — - - 775 2840

JUNE JULY AUGUST SEPTEMBER

1.. - - 1250 4260 650 2540 442 1680
2,. 810 3060 825 2900 550 2290 440 1680
3.. 810 3060 775 2870 550 2260 512 1920
4.. 400 1730 675 2520 650 2550 515 1940
5.. 405 1730 650 2520 800 3160 720 2540
6.. 395 1680 700 2590 800 3070 1200 3940
7.4 385 1670 675 2580 800 3090 1200 3960
8.. 570 2240 700 2670 800 3090 1040 3500
9.. 550 2170 725 2680 800 3180 1050 3500
10, 310 1380 700 2630 825 3060 1750 4100
11.. 310 1370 680 2570 880 3080 1240 4070
12,, 315 1390 740 2660 850 3150 960 3330
13.. 310 1370 730 2660 800 3160 980 3320
14.. 490 1990 740 2700 820 3160 920 3170
15.. 495 1990 730 2670 820 3230 940 3260
16.. 850 3260 780 2880 820 3230 950 3300
17.. 925 3270 630 2140 131 607 950 3300
18.. 925 3300 620 2140 780 2690 1480 4670
19.. 925 3270 112 547 130 609 1480 4660
20.. 1150 3890 - - 132 610 1330 4310
21.. 1120 3900 - -— 42 272 1340 4230
22,. 1650 5240 - - 148 655 800 2790
23., 1680 5250 147 736 48 479 800 2810
24, ., 430 1790 145 727 99 484 790 2800
25.. 430 1780 230 1030 520 1850 795 2790
26.., 1250 4240 235 1040 72 408 710 2620
27,. 1280 4270 210 1040 193 848 710 2610
28,. 1220 4260 210 1040 141 666 795 2800
29., 1250 4270 270 1230 143 673 800 2780
30.. 1250 4260 270 1220 240 1040 795 2810
31,. - - 370 1520 250 1060 - -




QUALITY OF SURFACE WATERS, 1960

138

18 -— | 92]9L | 9Lj9L | 8L|8e | 8L|6L | OB|OB | 08|18 | T8{TI8 | 28(28 | 28|28 | 28|18 | 28(28 | 18|98 | 98(L8B | LB|LB | L8|L8 " .uun_:._ou&uw
¢ |ce | coles| 98|98 | weles | ng|ve | co|wa | €8|¢8 | wo{ve | v8|98 | 98[98 | 98|98 | 98-~ | 58[S8 | 98|98 | 5888 | £8|L8 (- - isnFny
98 |¢9 | t8lre | 9r|w8 | ¢8|z8 | 78|zR | —~|-~ | ~~|s8 | 98{Ln | L8{s8 | L8|.8 | 88|88 | 88(.8 | 88|68 | GR|GE | 98| w8 | €8|€q [*rr et An[
28 --| ¢8|€8 | 28|78 | 28|28 | 2z8|29 | 28|28 | 28|28 | Z8|Z8 | 28|28 | 28|28 | ¢8|l8 | ¢8,18 | ZB|Z8 | 28|28 | 28(2Z8 | 28;--|" creres qun(
ZL 28| 18|18 | 28|08 | 08|8L | 9L|%L | wL|7L | OL|OL | TL|2L | 2L|2L | TL{TL | OLI69 | OL|OL | #9[ %9 [ €949 | €9 -— | 99169 |~ ceeeer Ay
g9 e | 29|29 to|e9 | ===~ L9|L9 | £9]99 | 59[99 | 9|69 | 69|69 | 59|49 | #9| w9 | 59|59 | #9{€9 | €9|€9 | 29169 | w9|€g *crcrreerudy
9% | == | —=|-=| 29|29 | 29]€9 | €9|85 | sG|9w | 8u|Lw | 9u|sw | wh|ew | €n|En | wn|Sh | 0%|BE | BE|LE | LE|WE | wE] HE | wE| HE |t OIEN
2% == | —=|9E | wE|we | €e|ve | €c|Le | 6E[6E | LE[BE { ~=|Tu | Zw|2h | TH|6E | €4 9% | 4|9 | Lw|SGw | €7[9% | 091 0G| 6%[0G [+ Aeniqag
b |80 | —=|BY | 8y|—=| Lu|wy i ev|zy | 1v|6e | Le|we | Lel2w | €v|8v | 8w[8% | 06|06 | 0G|8¥ | 8w{8c | O%[8E | € 0¥ | 2#|2Zn [+ Lienuef
ot |ev | wnlvn | wu|ev | en|en | culew | au|gn | LuiLv | 8|8y | 8n[ 8w | 8% 8% | 8%{8% | B[ G | GU G | b hy | €h| €9 | €424 |t Jaquiada(
8% |--| envlen | wulcu | Ly|Lbv | 9njon | Su|cn | Zu|Tw | Ov|8E | 8€|2% | 8%|9S | €Eg|zs | 261 €S | €6|24 | €S| €S | LS| -~ | 85|09 |" """ PQWArON
99 |--|09]€9| €929 | €9|€9 | 29{€S | €9|€9 | €9 €9 | #9|L9 | L9 L9 | £9|S9 | 6G| W | w9f2L | TL| 2L | TL WL | wL|wL | vl WL |- * 334010
298 LE|0E |6T |82 |4C|9C|ST|vT €T (T | 1C|0Z (6L 8L LL|QL SL{rL|et|ZL|LL|OL) &6 |81 Z 9 1S |¥v | ciT |1
1Ay % PUoN
e
0961 doqualdag 03 GG6T 4970300 4BaA aojem ‘I238M Jo (Jd,) danjexadwoal
*SJUaN} ¥3SUCD PIUTWIS]OP WOXF PIIBINOTED q
*93a8YOSTP uUeBowW L[IeQd ®
2°g [0TIE 6°8 |8GE oLY 9L8 $6°Z |0L8T - €°T |=- G226 12 0 9€T Eidd €9 g8 | -- == PIT ® Teree °*gT “3ny
€74 1€0% ¥°1 (82 ozI OTET 4 L1 x4 60 |g° e 69 8°L 0o 211 9¢ €T 9z [00° S'9 090z ® | “°°° “trLe Ao
0°8 (029€ T°8 |90% €69 ce9 L0°€ |09Z2 6e° [2° 1° 0zZ0T 8¢ o 3ce €67 €8 T¥T|00° 0°6 ¥0T Teneertrerttg tady
T°8 (098¢ 0°8 |GL¥ 084 0LLY 60°€ 10L32 91° [2° 0° 00TT €€ 0 aLe 118 8L ¥8T| 0070 o1 682 ©tt096T ‘9T "qod
0°8 |oE6P ¥°6 |9%9 0€6 6€9 8S°€ [0€9% q |SE°0(8° T'0 0S?%T 9¢ 0 97¢e 199 €T 98T| —— 0°6 06 to
1°8 |0€2¥ L°6 |86G 0L9 €92 16°2 |0%¥T2 q |-— - - 00€T 12z 0 88 8LS L0T 26 | -- - ZET ® tte
2°8 169¢ L°T |8 06 0Z9¢S LZ°0 |zZ0Z - 120 S ol 9 0°0 o 001 |€ -3 ] ez |-- - 00€0T M
wmis
(0,82 2| % 3005
L forem) o | 008 L | w2 | ¢00) (0| (5) 3m)
e N - x .
HA| ooue | CR08 oy WM | suoL | gyop | BMEd o mﬂﬂ vmw ) (os) | ape | UL |wmis| (o) | wms &) | o) |Cois)|  (s19) 1RO
-jonp Kl -Teo aprION) | deRmg | -toq -g¥) | wnjpog | -au | your [eorns| oSxeyosia L
_uop | MNP -og | -IN [onig -xep| " | -og -gap | “EOD ayeq
bisoadg| ~°S | ‘00®D sE (0,081 7e anpysax) -1d
SSaupIey SPII0S PIATOSSTY
096T daquejdag 03} BGHAT %9q0300 JBOA a238BAM ‘uorirrw aad sjaed ur 'sosi{feUs [BOTWIY)

PONUTIUO)~-"Y IO ‘VMIVSVS UVIN WIAIY TTLLIT 'OTEZ-L

PanuTIuNC)-~NISVE YIATY SYSNVIEY




139

LOWER MISSISSIPPI RIVER BASIN

*S)USN} FISUCD POUTWISISP WOIF PIIBINOTE)

o'zloer  lz- |6z |ae  |o¥" ot |sL ® g1 Ly Lz o {ov o' 0°6 o1 0°z seereerepy cpdeg
g'Llevt - [|vT  [8¥ |-~ T z* 8y - o |zv v |-- T seeesecer cgny
g'Lleoe  jo't ({82 |zOoT |OL°Z ze* |sez 21 ¥T L8 o |o6 8¢ g1 | 61 z'¥v seenee **6 ATnp
Liulzer |- j¥r |8y |-- e - 6°L L2 o |zv - - |- 0¥t s **p ounp
LLlzer |- e W |- - |- - 8°9 z¢ o |og -- - |- ¥6T creees g1 AR
o'glter |e* ez {®9 0°cz it |zt ¢ 9°6 2y o |ov A S ) £T gL seeee *cg tady
LLfger 6 let  law z°¥9 z1° |88 8 z'6 2 o |sz et |e'v |88 oLz treceeegr caEN
AR T S AR % S 8'€9 ot* |12 9° 1'g ¥z o |9z z'6 6'c |z'L gee seetreeoT *qod
'L leL e et |te cog 80° 9g ® 2T 1 o1 o |8t c'8 ey |¥'g 0z0z ©*096T ‘6 ‘u®p
9°L BST 6° 8C 28 91°8 €2 [891 €1 vt Ly 0 |99 61 0°6 8T 8T erestctcg "oaq
g'LigeT B0 jor  |[s% 1°02 L0 ezt g1 1°8 oz o jov et |o°g ot 19 ‘66T ‘€T "AON
umys
(0,82 | e 3005
nex -3u & vorTrw

e U wo | 4 |y | sed | 730% | "ol ¢ ¢00) (09| () @)
ud | oowe |49 Tgor Fumio | suor | oo | mea @ smmw oﬁw (19) (Cos) | o | B oms| (eN) | wmis .m_ww (1) o) (1) HoRoeTI0?

h -pe -0 aprIomD | oyenms | -uoq -s®) | wnpog | -ou oy [eotiS) @3EyosIq ¥

wnp | -og | ~IN [-ontd Treo| = | on _sen | O ateq
u.:%wﬂm -05 | SopeD se (0,087 7® enpisex) g
QL SSoUpIBl SPII08 PIAIOSSTT
0967 d5qumejdas 03 6CHI JOQUOAON 'UOTILIW JIod S3d8d UL ‘SosSA[8Ue T[BOTWAUD

*TTLT dSM Ut

° (PONUTIUCOSTP) 0967 Joquejdag 01 6G6T

*£3uno) 3anqgsijrd ‘sqexy JO 3SBAYIIOU SOTTW G°g PUB Y00J) J93INN WOXT

“YDIO ‘SEIW VAN

usATd 0961 toqueidag 03 GGET I2qO3II0 JBaL JB3BM JOF 93IBYOSIP JO SpIodoay--"°SHUVNIAY
JaqueAON ‘LP6T Joquajdeag 03 96T Joquejdag

ATAED SANIVD "02€2-L

PONUTIUOD--NISVH YIAIY SYSNVIUY

ises{1Bu® [BOTWEYD~-"ATHVTIVAV SQEODTYU
*se1TW aJenbs gRG-- VAUV ADVNIVIA
wesxjsdn aYfW 8°0 ‘PEOX £3uUnod uo 83prIQ paucpUBqE UO uotIeBis SuyBed y--°NOLLVOOT



QUALITY OF SURFACE WATERS, 1960

140

°S1UINITISUOD PIUTULIIISP WOIF PIJBTNOTE) B

8°L{91C L°T |OT ¥9 1z° GGT ® (281 TZ 9% 4] 99 (AN 2'g LT TeetecpT tades
€°L{TEY 6" 0 oy eT” g8 z° 0°g LT [s] 8% €T 6°¢g 9°6 b €T *Sny
¥ g(0cegl I°% |OTT GLT TO'TL [ I%L [0 1 cve 96 14 06T SST 9z 99 b *6 AInr
6°L{89T |-- |0 9% R -- 8°6 £ 0 |sc - R .- -3 aunp
8L (9% -= II (41 - ~-- - 1°9 k44 0 0g -- - - . “2T Aen
0°8|ELT 6° I (44 L1 2zT It G'6 82 [s] 0g ST Ly €I coctecccg tady
6°L|29T I°L |OT i44 (3 80I 9°T €76 0¢g 4] (44 LT ¥°g 8°8 °TtrettQL "JBW
8°L|L6 0°L |S 114 60° ¥9 "1 2% €2 0 8¢ 2T 6°g ¥°9 AR ) SRR X ¢
974|921 L L 14 20° 8% ® ¥'e ¥'9 gl 0 t44 9°L ¥z 1°9 ""096T ‘6 ‘uEp
8°L|TCY G'L |gg 9IIL gg” 092 £°T 8¢ 1€ 0 20T 8¢ (A3 LZ cTrtreeeg *odag
S°L|PET €0 |zl 534 60°0 (P9 ® 2°T 6°8 g°6 4] 9¥ [+R} 2'G I "6G6T ‘gl "aoN
wmgs
(2,92 oe 005
oryer -au £ uoTTTw
TS on | VR | e | wen || "d 0o ((92W)| (s 3)
)08 ‘ump | suoy | 2 seg | @ |CON] D) | ) | pog) || P wms| () | wms | ) | eg) [corg)| L, 7). UoR291I0

Hd | eoue | _ -uoN suog, uox | ayeay| apra -uoq wmgo a3 reqosp J

bt e -1ed o prIoMD | eyenms | -uog -5} | wnipog | -eu oy [eotnis

o [wmm -og | -IN ronid rea| ¥ | on o | -0 i o
brmoads| %8 fooe) se (0,081 3e onpisax) !
t S89UPTBH SPI[OS PAATOSSTY

0961 Joquoldeg 03 6C6T aoquoaoN ‘UoTITIW Jad sjaed ut

‘VIIO ‘NVIQYNVD ¥VAN YJ3uD SANIVD ‘¢'088%-L

*(PSNUTIUOISTIP) 0961 I9qualdag 03} GC6T ISQUIDAON

PINUTIUCD~-NISVE YIAIY SVSNVIHV

‘sosiTEUER [BOTWSYD

*9TQEITEBAER SpPIOCD2JX 23IBYDISIP ON~~*SHUVNIY
isesATeUER TBOTWOUD--"TTAVIIVAV STUODTY
"A3uno)y 3angs1iid ‘UBIPEUED JO 3SEIYIIOUW SITTW G°¢ ‘6 AemySTH 93BIS uoc 98praq 1V--"NOILVOOT



141

LOWER MISSISSIPPI RIVER BASIN

°S3USN}T}SUCD pPAUTHLIS)Sp WOAF pajeinoled ®©

c°glevy ) $8T gt LT 1% g6z e |1g° g% |P°T 4 Ly v |80z |eg°L| se LT 9% | 00" 6g| L T2 *t0g-pg ‘3deg
c°g|vey 6° |LT 202 |80°% %" |soc e [g9* |L°T (0% 9T 6v ¥ 812 |z2°9 6z 9z 8¢ | 00" 82| ¢°¢ “vg-gg ‘LI-¥ AInp
g8 |I6% [ A2 961 6°TL 9%°  |6cE 98° [¢'¢e |o0°g LT gg o1 | %1z |6°L 8¢ 49 2y | 00° vel 0°et ©*eetIZ-IT aunp
¢°g |96% 0t |¢ 00z |ew°e sy |ese gz o'z jor 91 Ly gL | 918 |¥°9 €€ 12 cp | 00* 15l 8°¢ *°*QT-T sunp
¢ g |rse 0°1 |9 91z |o1°€ og* |oLe ve® |21 |o'e LT c9 et | 282 |29 €g 62 8¢ | 00" ggl1°¢ TCoTg-IT AN
z'8 (188 0°'T |9 0ze |L9°¥ Lyt |gwe - |ex |- 91 £ 0 |eg9z |-- ve 82 2y | -~ --{ 8% tett0T-T ABM
¥°8|92S 6' |8 0ge [eety Ve L2¢ == |¥'T |-- ST vS oI | 8¢ |-- (44 0g 6¢ | -~ ] ©0€-1g ‘ady
9°8 [90¢ 6" |8 z0z |IT°9 oy |sze 12* |¢° |o'g 9T ¥S 21 (el |&°S 62 44 ¥ [00° 18| 6%9 ©Ut0g-T tady
1°8 |p3g L vt 134 901 Lyt |eve - |e%e |-- 7t 6% o |orz |-- 9z 8z 6v | -- --|e 11 teteTg-T aEn
z°8|2gs L |ve 9¢g [8g°g 9%°  |egE - lee |-- I3 ¥ o |esz |-- g (43 0g | -- -l 19 *reg-Ig a4
£°81c%S 8°T |¥1 (234 €91 8%' |gse zz" |ov¢ |81 P 0g z |29t |L'e 8% 9z og | vo* 28| 0°LY ©trrog-1 ‘ged
c*glcog c* |9¥ zog |[v6°s zg*  |ese -~ lue |-- ¥I 09 ¥T |¥82 | -- 81 ov | gg |-- --l9°8 ©**Ig-IT ‘uep
2 g{ce9 g* |61 882 |6£°6 9c* |eov ® |get |g't |21 9T 8¢ 0o |sec [8'% gg £ 19 | 00" Lele's *096T ‘OT-I ‘uer
£°g|gog 8° |8l 9¢z  |%8°8 og” [woc e |8z |9z |e°T 34 € ot |0Lz %% 62 oc %S | 20" 2€/0°6 ©erIg-1g *09q
67198 6° {91 0gg | 168 oc* (69¢ ® |1Ig* |¢°2 |B°T 33 LS 0 |98z |19 ze 6z gc | 10° zg|0°6 ©ttt0g-T *99q
v°8 |ves 6° |or 0gg  [ev L 9% |gge e [gr° |6°2 (e°T €T 6% ot |8%2 (8% oe 8z 9% | 00" 8z|z'8 *+t0g-Tg "AoN
£°8 (298 6° |91 eve  |02°9 6% |6gc ® [¥I°0l0°2 |2°T ¥I gg ¥T |8%z [2°C c¢ 62 6% {00°0 ve|v°9 ©+*0g-TT *AoN
z°8 |o¥s 't et ¥Ee  |£0°L L¥°0 L% - |61 |-- 191 oL o |0z |-- 8¢ 12 og |-- -—~lg L *6G6T ‘0T-L ‘AON
¢:3
(0,92 |o oy | T j003
T¥ex ~ou £
b sl T S e s i PR o) (228 o)
- - X Ne
a -dros| " wmgo suog, sreg | @ |CON)] (D) | tos) | o | O |wms| en) | wms | | g |cowg)| . B UORDIT[0D

HA | soue | 7 -uoN suoy, uox | syexy opix | o » u -uoq o a wnp o28.reqos1p °

-1 -1ed - it Lon PLIOTYD | ajeqng | -Uoq -5%} tpog ( -du | uoJ] (BJIS)

Jonp wnp od | -IN T4 -ren| "I | Log -Se %) uesN aeq
bmoage| =08 | fooeo s2 (0,08T 3% anprsaa) -1
1ovds ssoupIeH SPI[OS PAAIOSST

15q0300 IBaf a9)eM JOF aSavydSIpP JO SPIOddY

*£3uno) seXS] ‘uowind FO Y3IOou SOTTW C°Z PUE YSID FINH woxF urearjysdn SSTTW Z°T

0961 JoqualdeS 03 6G6T IOqUOAON ‘UOTITIW 1ad sS3Jed UT ‘SoSA[BUB [BOTWAUD

‘0e-¥3

“3des wdd 862

°%g% AInp soywoxoTw £7¢

‘£1Tep unwrutw fIT
c3deg wdd %8I
‘umuwtutw (oT-T ‘uer wdd 0P ‘wnWIXER

*0E~¥3

“TILI dSM UT uwaat1d 0961 Jaquajldsg 031 6G6T

*BIHO ‘4£3TD BWOUEBTIO 3® 9DTFFO 1O0TJIISTP UT o[qeITeAE sardures ATTBp JO 90UE3}ONpPuUOd DTFTdads JO spaodey--"SHUVWAH
“yoJen 03 JoquasoN Butanp sfep Auew uo jutod Buyzesxy ‘wnwtutw (HZ ‘OT AInp A,00T ‘wnwixey
*AON SOUWOJDTW 829 ‘ATTEBD WNUWTXEH
‘wnmtutwt fYg-TI ‘usp wdd gog ‘wnurxen
ISPTITOS POATOSSTIQ~-'096] Joqueldas 03 6C61 IoqueAoN ‘SAWAULXT
T096T 19qualdag 0} 6C6T IoqUOAON
*0961 Joqueldes 03 6G6Y ISQUSAON

isaanjeasdus) dejem
i90uB3Onpuod 21 FIdedyg
!sseupaey

:saanjeIoduo) Ja3epm
isosiTeuE TEOTWOUD-~"HTAVIIVAV SAHOOHY

*3urynqrajuodouocu A1qeqoxd ST SO[IW oIenbs ¥96 YOTUM JO ‘SOTTW aaenbs GCI‘g-- VAUV FDVNIVHQ

‘YIIO ‘NOWAND ¥VEN ¥IATY NVIQVNVO HLUON °*SZEZ-L

panuTluo)=~-NISVE YIAIY SVSNVIUY

‘mweaq pues AIQ 3® $9 ABmuSTH "S°0 uo 98pTAQ 3 UOTIEIS Surded 3y-- *NOLLVOOT



QUALITY OF SURFACE WATERS, 1960

142

- |- |eeve |oL L L fwL |89 == |==f= |-~ |~ |== | ||~ |- | ||| === | === | == |- | == |- | 1equaideg
-— === e e e e = **isndny
- === || |-= |- |001t6 |€6 |-~ [== |-= |-— €6 |00WE6 €6 16 {T6 |6 |¥6 |98 |GL [L9 {L9|69 |OL |== | == |== |-="-==Lnp
et o Bl e o o e ﬁu == |- [-- 88 |¥8 [98 |88 P8 |--|SL |SL 0B [TL[GL |--|8L (08 |8L |-~ (8L |GL 8L |GL|GL |~ '*" " aunp
- v |ZL oL |sL gL |wL - laL oL |-= == |-- 6L |GL |-~ |PL|EL |BLIEL |~--[EL |GL |OL |C9|E% |TO PV | €S 8P [EF [P |t AR
09 -- |25 [0S {0 09 {89 [-- [--|-- |TL [oL [TL 0oL |09 0L |89 (89 (09 89 |OL 0L |~-|GC |2S |0S |2¢ |88 |0G |0¢ [0S [0S |~ [ady
oy l0c (28 @S [~- 0S |S¥ |0V |8 |-— |8% |05 |0V BV |B¥ OV |2E |CE |8% |8V |C¥ [CE |BE |0V | 2ZE |2E |2E |GE |ZE |3E |2E [2€ | Yoaen
- == [-- [ee |2€ gE |-~ |-~ |CE |g€ |BE |VE |BE [BE |%E [CE |BE |BE |BE |-= | =~ |-= | =~ |== | == |[== |==|== { =~ |S€ | &¥ |9¥ | Aleniqaq
€€ 9% |e¥ [ce |-- € |2E |-~ |2E [2€ |%E |2€ [TE [6€ |2E€ € |BE |2E |2E € |BE|3E |QE |2E |GE [E [CE |G | -- |3€ | g€ |2E | "' "' Asenuer
8¢ @€ |CE [2€ [TE [€E |CE |0V |8V [GE |ZE € SV BV |E€% |-— |C€ |BY |GV |CE€ | SV [CE |CE 8% |8% |0V | -~ (3% |OF¥ |2V | 2E @V | Joqwaors(gd
- -- |g€ [ge |2e GE [0S [V |0OS |0V |CE |g€ |%E GE |2E|2E |EE |€€ | €€ |GV [ OV |GG |09 |09 [OL |08 |—= == | == |-= | —— |-~ | =~ 42qWaArON
- |-~ e e e i | e e | 1390300
ade 16|08 62|82 |Lg|92|GC|P2|€2|22 |12 |02|6T | QU [LL[OU|SGI PO EUL(QU(TE|OT|6 |8 |L 9 |S|P | [€E|C]T

-IaAY feq YIuon

0961 Joquejldag 03 GGEI JOQUSAON ‘Jd3)em JO (J,) @anjexadus]

PeNUTIUCD--"YTIO ‘NOWAND UVAN HIAIY NVIQVNVD HLUON °*GTE€T-L

PONUTIUOD--NISVE HIAIH SYSNVIHV



143

LOWER MISSISSIPPI RIVER BASIN

g'gliss |20 |ez  |ooz 61 o |ztz £z 2zt | 09 0*0t Testeceecceor sunp
z'8|6¥8  [o'T |esT [ose Ly o |ocz 99 g | €¢ 8°T e
1°8te8  [e°1 [se1 |oog 12 o |z - 99 | e z'y
z's |zz.  [z°T |osr |ose zv o ig9z eg w| oL 0¥
(A 4 €T (v9T |oLe oy 0 |z2se 9g 6% 89 9°'y
g ls8L [zt loer Joce g€ 0 |89z og 18| 9% L°L
z'sleer  je'T losr  |oce g€ 0 |[soz 9¢ zs | ¥s 6°9
1°8fzTz  jo°1 jowTr |oze €€ 0 |zte z¥ 6% | 8¥ v'9
z'g L8 't |[vpT  |oze ve o |orz ] ¥s | &g 6°1
o°gleer [t [ovT Joee 9z o |vez vy 6¢ | ¢t ¢
(0.92 ae | WIS 100y
opes -
i 1 el et R L 5 s G OO 00 (98| @) an)
ud | soue -dos| -voy | TI0 suoL, suoy, | SHed =m ¢ 3nwv.~5 mﬁw (10) (*0s) | o -Nuon wmnis| (eN) | wmgs .A.Nnoaw (ad) |(Po1s)| _ (sp0) =o-uw“=3
: -ve -1ed gl apLIOMD | jeNmms |-uog -s® | umipog | -ou uoy [eornis| a8enostq
P g og | -IN Fonid ren| -1 | Tod Sep | -0 aeq
u-:ao -og | fopep se (0,081 3® enpfsal) -1
11oss ssoupIel SPI[0S PRAIOSST

0961 ounp 03 6C6I 49q0300 ‘UOTILTW xod sjxed uf ‘sosA[eUe [edfWayd

‘YDIO ‘ALSIAUVH UVAN ATUO HALVMATOO '0EET-L

*(PONUTIWOISTP) 096T SUNP 03 LGEL 194030

PoNUTIUO)--NISVH YIAIY SYSNVIUV

isesfTBuE [eOTWEUD--'HTAVIIVAV SQH00TH
*3uianqiajuoduou Lyqeqoad sf soTTW oa8nbs Q0zZ°T YOTUM O ‘sofTw oxenbs 296°T--"VAUV ADVNIVHA
*yynow woxj weoa}sdn SOTTW L°C DUB ‘£3UNO) SBXOL ‘£31SOPABH JO 3ISSMYIIOuU SOTTW Z ‘g Aeay3tH 23¥3S uo adpraq 3® uoryels Jurded Iy--°NOILVOOT



QUALITY OF SURFACE WATERS, 1960

144

8°L|0601 |8°C |¥8L |[gIE ¥6* |269 ze" 17T |9° 8¥I 81C o |oor |s°2 911 pEe 1L {00° |8°8 00G8OT [*""**"**""°y *3dag
L°L|060T |8°Z |28T |o0ZE c6' | 869 sv* |2°T |9° 5521 (454 0 891 (22 911 1€ 8L [00° |8°G - sortesertetecfinp
L°L|060T |8°2 [6LI |gzE g6° {102 2s’ lg'r {9° (423 113 o |sLr |32 SIT 1€ og {00° |[8°9 00g£60T |°* **yg sunp
g8-LloLoxr {9'z |91 |oIE €6° | €89 ¥p* |0°1 |9° 8cL 01% 0 |¥or |2°2L ()8 0€g cL |00 |z°% 00¥60T |°° Tty AR
9°L]00IX |8'Z [ZLI |eEe 96° |60L ¥r° |0°T |9° Sy 002 o |961 g2 811 62 98 |00° Iy -- - <ot Trady
p°L|0L0T |s°2 |19T |oee ¥v6' |169 I8 |20 |9’ 8€T S61 0 |90z |24 $0L 62 g8 00" €T| 00z60T |°° Ttpg CaER
¢ L|6c6 2'% [g¥T |082 18° |z6g Z° [9°T |9° ¥ $91 0 |89t |22 ¥8 92 oL (00" |976 00ELTT [*""*"*" " ***g "gag
0°8|¥96 1°Z {0LT |2ZLT 08° |06S 10° |g°€ |6° (423 VPl 0 |vzr |9°2 6L 0g 6g (00" II| O0000IL [*"**-°°°°**gI ‘uep
8°L|1S6 2'Z |6SI | ¥¥2 8L" |6LS 80" |6°% |L° 1€l LYL o [vor |o's 6L 8% 15 |1’ [¥°6 00860L |°*°°°°0961 ‘T "uep
8°L|t1g6 €°Z 99T |o0s2 6L° |08S 80° [g'9 |6° 0€T vST o f(zor |[¥°9 28 o€ 1c [g1° (976 00T8OT [**""**'"°*""6 "DdaQ
L°L}S88 1'% |8IT |9L2Z 6L |18¢ 20" I1°T |8° oTL 921 o |zer |v'z 08 [44 ve |L0° o' -- * *IaqUIRAON
8°L|¥68 €' |02r | ¥82 g8°0 |929 €0°0{S°0 |8°0 €21 o€l 0 ooz |¥°E 06 (44 LL |SG°0 |8°¥% 00G¥IL |°°**'6g6T ‘0T *3920
]
(0.82 o | MM 1005
onex -au Kep UOTITIW
e s oyul -u -30
Totorun| "B | reo |Fem | xed TSR\ aed | o deo ol c00) 90| an BN | e G223 woRosqes
ud | ooue -d.xos| —uoN ‘umyo suoy, suoy | ®¥%d | uox |oyen apia ((¢e)] (*os) | =e -woq umnis|  (eN) Umis | o (a4) |(fors)| -aaow) IS
e -pe -1eo - gt aprIomy | eyMg | -uoq -5} | Wngpog | -au 10| uoay |eowmrs juatuoo
P gmp 0dg | -IN [onid -ren| T | Log -gep | “TEO o] ayeq
o_émwnm -o5 | ‘onepse (0,081 e anptsax) -1g
¥ sS3UpIeH SPI[OS POATOSSRI

0961 Jaquejldog 03 6G6L X2qo300 Jeah Jojem ‘uorrrTW Jod sjaed ur ‘sosfyeur [edTWOY)

*TILT dSM UT uaatd (961 I89queldag 0} GGET I9GO3D0 JEBdL JI9)}BM JOF 95BIO}S ATOAJIISII JO SPIOIIY--'SHUVNAH
*PCHT Joqueldas O3 ICET 19Qo3d0  saanjexadus) Jajepm
*0961 xoqueldag 01 GGe1 I9queddQ ‘ygel Iaqueldsg o) TGEI I8Q03D0 SOSATEUE [BOTWRYD--HTAVIIVAV SQHO0F™
*Butyngrajuoduou A{qeqoxd ST soTTW Saenbs g£88‘p YOTUYM JO ‘soTrTu axenbs g8%‘gI-~ VAUV IOVNIVHEA
°£1uno) SUTBIA ‘UO3UBR) JO 3ISSMYLIOU SBITW g ‘JSATY UBRIPBUB) YIJION UO we( UOIUE) woxy weaxysdn 3snp--°(pPosSTAdd) NOLLVOOT

(*BIY0 ‘uojue) IBSU ‘ITOAIBSIY UOIUE) 3B JSATY UBTPBUB) YLJION °"G8EZ-L SE paystrgnd Ajasurog)
“YINO ‘NOLNVD dVEN dIOA¥ISHY NOLNVD °*¢8€2-L

penutyuod--NISVE HYIAIY SVYENVIUY



LOWER MISSISSIPPI RIVER BASIN 145

ARKANSAS RIVER BASIN--Continued
7-2420. NORTH CANADIAN RIVER NEAR WETUMKA, OKLA,

LOCATION, --At gaging station at bridge on U.S. Highway 75, 2.3 miles upstream from Wewoka
Creek and 2,5 miles northeast of Wetumka, Hughes County.
DRAINAGE AREA,--14,290 square miles, of which 4,899 square miles is probably noncontributing.
RECORDS AVAILABLE, --Chemical analyses: October 1953 to September 1960.
Water temperatures: October 1953 to September 1960,
EXTREMES, 1959-60.--Specific conductance: Maximum daily, 3,070 micromhos July 11; minimum
daily, 317 micromhos May 6,
Water temperatures: Maximum, 98°F July 12; m.nimum, freezing point Mar. 3-5,
EXTREMES, 1953-60,--Dissolved solids (1953-57): Maximum, 25,800 ppm Feb, 8, 1955; minimum,
190 ppm May 26-27, 1957,
Hardness (1953-57): Maximum, 4,640 ppm Dec. 31, 1954; minimum, 108 ppm May 26-27, 1957,
Specific conductance: Maximum daily, 37,100 micromhos Dec, 31, 1954; minimum daily,
317 micromhos May 6, 1960,
Water temperature: Maximum, 98°F July 12, 1960; minimum, freezing point on many days
during winter months.
REMARKS, --Records of discharge for water year October 1959 to September 1960 given in
WSP 1711.

Chloride and specific conductance, water year October 1959 to September 1960

OCTOBER NOVEMBER DECEMBER JANUARY
Specific Specific Specific Specific
duct- duct- conduct- . conduct-

pay | Chioride | °%ne?e Chloride | “°noce Chloride ance Chloride ance
(c1) {micro- (c1) (micro- (C1) (micro- (C1) (micro-~
ppm mhos at ppm mhos at bpm mhos at ppm mhos at

25°C) 25°C) 25°C) 25°C)
1,. 121 650 540 2230 740 2880 355 1610
2.4 104 556 570 2330 740 2860 340 1510
3.. 49 355 490 2110 730 2860 375 1740
4., 50 364 74 440 750 2900 390 1820
5.4 44 332 120 627 700 2720 370 1770
6., 48 374 126 672 700 2740 390 1810
7ee 56 418 312 1390 720 2820 370 1730
8.. 60 452 252 1160 740 2860 420 1840
9., 57 413 240 1100 720 2840 340 1530
10., 54 412 315 1470 720 2840 340 1520
11,. 98 584 310 1490 720 2820 300 1350
12,, 118 672 380 1710 720 2790 240 1090
13,. 140 795 480 2020 740 2820 222 962
14., 178 973 520 2110 740 2840 155 795
15.. 200 1070 530 2220 690 2730 240 1120
16, 202 1120 570 2340 600 2370 195 947
17.. 222 1200 540 2320 380 1500 135 706
8., 238 1250 600 2470 265 1100 250 1180
19.. 265 1330 590 2430 165 770 365 1530
20.. 278 1370 620 2530 225 1030 255 1250
21.. 295 1450 670 2650 162 787 250 1250
22,. 350 1640 650 2620 162 781 355 1540
23.. 355 1650 710 2760 225 1080 470 1950
24.. 400 1810 730 2880 235 1140 420 1820
25,., 450 2010 710 2790 300 1360 410 1760
26, . 490 2150 720 2830 325 1460 480 1940
27,. 505 2190 720 2810 115 593 510 2080
28., 542 2330 730 2890 225 951 550 2250
29.. 535 2350 740 2890 180 869 485 2060
30., 500 2160 730 2860 215 1030 525 2140
31.. 475 2130 - - 280 1270 590 2360
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ARKANSAS RIVER BASIN--Continued

7-2420, NORTH CANADIAN RIVER NEAR WETUMKA, OKLA.--Continued

Chloride and specific conductance, water year October 1959 to September 1960-~-Continued

FEBRUARY MARCH APRIL MAY
Specific Specific Spegiﬁc Spegific
- - conduct~ conduct-

pay | chlortde | 29t | cpioride | OIS~ | chioride nduct- | chioride ance
(c1) (micro~ (c1) (micro- (€1) (micro- (c1) (micro-
bpm mhos at ppm mhos at bpm mhos at ppm mhos at

25°C) 25°C) 25°C) 25°C)
1.. 525 2230 360 1660 280 1400 150 775
24 570 2320 410 1880 350 1530 152 768
3.. 540 2280 330 1660 380 1710 180 913
4,. 490 2000 300 1510 370 1700 210 1080
S.. 228 989 330 1620 380 1700 165 894
6.. 225 1030 380 1790 390 1800 39 317
Te. 198 924 400 1840 340 1630 44 336
8.. 198 1040 390 1810 310 1560 74 503
9.. 198 1000 405 1830 320 1600 98 580
10,. 210 1060 330 1510 360 1660 132 708
11.. 220 1080 220 1140 460 1960 155 816
12,. 230 1100 230 1210 470 2060 175 921
13.. 225 1250 300 1490 470 2050 215 1080
14.. 230 1290 310 1500 360 1590 285 1370
15.. 235 1280 290 1450 132 703 348 1580
16, . 230 1290 270 1400 126 688 430 1870
17.. 250 1330 260 1390 171 872 490 2060
18.., 255 1370 270 1400 218 987 460 1930
19.. 290 1450 260 1440 296 1320 370 1500
20,. 260 1340 280 1510 280 1340 136 718
21,., 270 1390 280 1470 355 1680 65 444
22,, 285 1460 280 1500 400 1830 63 445
23.. 305 1520 280 1530 410 1880 80 506
24,, 370 1680 305 1580 520 2050 98 580
25,. 370 1720 300 1580 580 2220 131 719
26,. 380 1770 310 1600 585 2340 194 1040
27.. 375 1700 350 1700 690 2600 335 1260
28,., 415 1830 - - 690 2630 300 1470
29,. 385 1740 470 2110 236 1010 340 1580
30.. -— - 400 1900 94 510 385 1680
31.. - - 320 1790 - - 415 1750

JUNE JULY AUGUST SEPTEMBER

1.. 470 1950 540 2160 200 1070 320 1730
2.. 430 1770 360 1610 400 1640 325 1420
3.. 360 1490 400 1720 455 1870 500 1950
4,. 380 1640 500 2060 280 1230 550 1950
5.. 320 1560 580 2330 220 997 550 2040
6., 360 1600 640 2470 205 1010 500 1960
Tee 540 2150 710 2700 220 1110 600 2150
8.. 330 1440 720 2770 268 1270 625 2260
9.. 220 1180 760 2810 345 1530 575 2190
10,. 210 1170 790 2870 410 1740 525 2040
11.. 165 951 850 3070 510 2040 520 2050
12,. 145 859 600 2330 525 2130 610 2300
13,. 155 920 575 2260 550 2180 630 2370
14., 162 883 650 2470 590 2310 650 2480
15,. 220 1070 700 2520 580 2260 690 2570
16.. 192 1040 650 2600 635 2380 720 2630
17.. 170 935 700 2670 660 2470 650 2430
18, . 165 1010 675 2490 500 1940 660 2470
19,. 190 1180 550 2150 500 1990 705 2570
20,, 220 1320 650 2380 500 2120 640 2390
220 1360 600 2250 478 1850 600 2280
270 1500 400 1820 505 2060 555 2110
270 1500 176 851 450 1790 560 2120
275 1520 146 706 700 2590 495 1930
310 1540 232 1090 335 1350 525 2060
360 1760 134 707 362 1540 615 2350
410 1880 126 669 472 1800 570 2230
430 1960 85 500 432 1680 640 2400
455 2040 160 807 222 1040 600 2240
530 2280 170 949 195 893 550 2140
- -— 200 1030 185 873 - -
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190 QUALITY OF SURFACE WATERS, 1960
RED RIVER BASIN--Continued
7-3045, ELK CREEK NEAR BOBART, OKLA,--Continued
o o nded sediment, water year October 1959 to September 1960
OCTOBER NOVEMBER DECEMBER
Suspended Suspended sediment Suspended sediment
Day Mean 7Mii [ Mean *; T ~1 Mean ” —— -
di',_ ean TOnl dil- ean T di'_ ean T
8
charge concen- per charge concen- :::»s charge concen- ::;.
(cfs) tration da (cfs) tration da: (cfs) tration da
(ppm) Y (ppm) d (ppm) y
1090 6410 |J 16300 24 302 20 20 9 0.5
1660 2990 s 13400 29 322 25 20 8 T
2970 2650 |S 20800 24 - |E 22 19 9 .5
3410 1500 |S 13900 22 E 20 19 9 o5
1020 2150 |s 5580 23 - € 13 19 5 T
i
231 1400 |s 912 | 30 189 15 19 7 T
105 795 225 | 25 180 12 20 8 T
65 518 91 | 25 157 11 19 14 o7
56 507 77 24 162 10 19 13 o7
36 430 42 23 266 17 19 12 N
|
31 488 | 41| 23 276 17 19 89 4eb
32 491 42 | 23 246 15 19 294 15
26 400 | 28 | 24 255 17 18 300 15
34 445 41 | 23 168 10 20 310 17
26 453 32 | 26 79 545 21 320 i8
25 356 | 24 24 37 244 | 59 568 |S 110
24 348 23 24 48 3.1 | 590 4340 |J 9430
28 374 28 25 26 1.8 | 1440 3390 |J 13500
22 350 | 21 24 11 o7 813 1850 |5 4150
22 329 20 24 9 o6 | 227 1200 {S 770
22 360 21 23 9 6 159 580 |S 251
21 360 20 22 11 .7 132 392 140
20 338 18 22 9 o5 | 114 335 103
20 317 17 22 12 o7y 105 300 | 85
22 305 18 22 14 -8 \; 96 275 ; 71
I
21 322 18 22 14 .8 ‘ 94 316 80
21 238 13 21 15 .9 114 670 206
20 188 10 24 25 1.6 | 141 1000 381
20 247 13 21 9 o5 | 102 525 145
24 280 18 20 8 T 82 400 89
22 306 18 -- - -- 75 301 61
Total 11146 —-— 71811 708 - 24546 4633 - 2964646
JANUARY FEBRUARY MARCH
lee 73 288 57 65 257 45 86 237 55
240 76 288 59 75 361 |s 88 83 226 51
TS 79 254 54 522 5980 | 9940 83 226 51
™ 72 217 | 42 1420 5600 |J 19300 84 226 51
Se0 ! 72 200 39 1680 2600 |S 12000 too 224 60
60 1 w229 46| 744 1910 |§ 3940 123 232 7
Tes! % 214 43 | 308 1410 |S 1190 80 238 51
8es 86 1 197 46 227 890 |s 547 | 73 215 42
Sus 9 1 237 51 202 710 387 | 80 253 55
1044 105 309 88 182 612 301 | 105 413 \’ 117
116 329 101 164 487 216 } 123 | 564 | 187
123 342 114 132 420 150 | 110 | 480 | 143
136 | 460 170 123 352 17 83 | 319 71
361 | 3910 |J 4580 118 305 97 ! 79 \ 276 59
361 |, 4040 |J 3930 | 118 282 | 90 76 262 [ 54
i i i i
223 ' 2090 |J 1370 | 123 252, 84 82 | 220 | 49
132, 808 |S 290 | 123 295 98 83 | 235 ! 53
123 | 400 133 ' 128 289 ! 100 % 229 46
114 280 86 114 242 | 74 70 ! 234 44
96 | 251 65 100 253 | 68 66 <38 42
v 1 .
110 | 283 84 100 250 68 61 | 262 | 43
105 , 280 79 103 233 ! 65 ' 60 237 1 38
114 271 83 | 96 236 | 61 | 60 215 35
96 | 254 66 95 238 | 61 | 63 227 39
74 266 53 \ 98 245 ‘ 65 | 65 220 39
2600 77 273 57 ‘ 88 206 | 49 F 7% | 21 43
274 80 273 | 59 89 300 | 72y 86 243 56
284 82 275 | 61 | 98 265 | 70 74 | 240 48
294 80 274 | 59 | 90 247 60 132 ' 1820 |S 787
30.. 73 247 49 | -- -- - 0 | 1030 |s 259
3l.. 67 223 40 | -— - o | 219 53
Total 3531 -1 12054 | 7525 -- 49403 | 2578 l - 2798

E Estimated.

S Computed by subdividing day.
T Less than 0.50 ton.

J computed from partly estimated concentration

graph and subdividing day.
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RED RIVER BASIN--Continued
7-3045. ELK CREEK NEAR HOBART, OKLA,--Continued

Suspended sediment, water year October 1959 to September 1960--Continued

| APRIL MAY i JUNE
| Suspended sediment i Suspended sediment ! Suspended sediment
Day Mean | M 7 Mean ‘ M * Mean LAM '
dis- ean | dis- ean dis- ean
, charge concen~ 1:::! | charge concen- T::.' i charge concen- 1:::’
(cfs) tration day . (cfs) | tration da. I (cfs) ) tration | da
) (bpm) X | (ppm) Y i | (ppm) Y
P - o R . -
le. 61 | 218 % 28 248 19 45 | 690 | 84
200 58 248 39 | 28 234 | 18 45 890 | 108
3e. 54 256 37 30 215 17 30 . 3% | 32
bos 54 238 | 5 | 174 2610 | J 2920 32 260 | 22
S “8 249 | 32| 214 ‘ 3860 ;J 2450 | 26 195 | 14
| |
T 48 , 259 1 34 “ 86 1660 ‘S 401 25 239 JJ 21
Tee 4«8 261 ! 34 “ 60 ‘ 645 |S 106 193 . 3100 |J 1880
B 7 | 257 33 ! 46 | 260 | 32 55 | 978 ‘s 151
See a5 | 259 ¢ ETO 37 172 ‘ 17 220 1 2920 |y 2770
I0es 46 ! 257 i 32 ; 31 206 ‘ 17 i 288 f 2560 |J 2220
|
45 248 300 30 \ 192 16 101 . 932 s 262
44 246 29 | 30 156 | 13 79 630 i 134
45 258 31| 29 | 149 i 12 64 490 | 85
45 268 33 26 } 198 14 51 280 | 39
48 267 3 | 26 1 186 | 13 36 211 21
41 1 234 50| 26 | 164 12 29 171 | 13
45 219 21 4l 776 |0 174 25 167 | 11
46 242 30 58 1660 |J 293 23 173 11
42 198 22 197 2580 'J 1740 20 164 89
38 215 22 153 1990 |J 866 19 146 | 745
34 210 19 70, 1000 |s 196 18 122 5.9
33 230 20 1 ' 350 39 19 | 95 449
33 1 260 23 34 223 \ 20 18 72 3.5
32 277 27 32 150 | 13 18 | 56 247
31 260 22 27 90 | 646 32 66 J Be6
31 265 22 26 60 i be2 39 | 5¢  J 7.8
30 285 23 24 37 24t 22 | 40 2e4
29 258 20 26 ' 99 |J 10 17 19 .9
30 264 21 75 1 3980 | J 899 14 11 T
31 267 22 33 | 650 ‘5 63 13 7 | T
-- -- -- 25 I 4ls 28 - | - --
1269 | - 851 1763 -- 1043142 | 1616 --J 793148
JULY AUGUST SEPTEMBER
T T T - T I
12| 32 1.0 40 1 163 18 13 308 11
10 60 1.6 36 151 15 749 360 7.7
946 65 | 1e7 | 33 153 ° 9.6 366 945
10 83 ' 242 31 128 942 361 9.0
9.2 93 | 2.3 | 29 112 9.2 279 6.9
| 95 | 248 25 148 | 10 159 4e3
12 98 ' 3.2 | 24 105 10 247 | 67
19 178 |5 15 24 233 942 265 | 646
9es | 18 87 4e2 || 24 179 942 290 7.2
10ee 7 77 | 3.5 | 24 189 26 502 s 28
1 i I
20 57 | 301 24 201 13 o | 389 1
21 45 | 246 25 249 17 9e6| 258 607
16 65 | 248 24 271 18 i 9.2| 159 3.9
32 557 10 128 | 21 261 15 845 135 3.1
135 4570 1y 1840 | 20 274 15 | 845 143 3.3
[ |
35 1340 ls 138 | 18 301 15 | 749 135 2.9
17 425 20 | 18 288 14| 749 132 2.8
14 ;210 749 23 332 21 | 7.7 173 3.6
13 1 145 5.1 | 23 326 20 85 157 ° 3.6
11 97 2.9 25 433 29 9.2 86 241
| ;
9.2 65 1.6 ‘ 32 802 |s 71 8.2 85 1e9
176 3170 |s 3390 20 265 % 85 86 2.0
1390 | 4010 s 14200 18 | 270 13 10 86 243
1680 | 1900 |s 8750 18 | 295 14 9.2 79 2.0
222 | 2260 s 1390 20 | 316 |s 17 946 117 3.0
I i !
107 1120 |s 341 36 1110 |s 116 35 2120 S 217
78 640 135 24 428 |S 31 21 512 |s 31
60 444 72 % 150 5.7 14 230 8.7
55 312 46 13 | 102 |s 3.8 13 132 4eb
47 ‘ 274 35 31 1820 |s 169 10 99 2.7
2 | 214 24 15 122 |s 5.5 | - - -
T i
4318.0! - 3057245 |ls 152 -- 75946 | 33248 - 41541
Total discharge for year (cfs-days), creseriserens 40171.8
Total 1oad for year (tONS)...ceveueeeeaoscesoonsiosessasoscasassonons 216919.4

§ Computed by subdividing day. J Computed from partly estimated concentration
T Less than 0,50 ton. graph and subdividing day.
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202 QUALITY OF SURFACE WATERS, 1960

RED RIVER BASIN--Continued
7-3135. BEAVER CREEK NEAR WAURIKA, OKLA.--Continued
Suspended sediment, water year October 1959 to September 1960

OCTOBER NOVEMBER DECEMBER
Suspended sediment Suspended sediment Suspended sediment
Day Mean ™ Mean M Mean M
die- ean dis- ean dis- ean
charge | concen- T:ex:s charge | concen- T°':‘ charge | concen- T°':’
(cfs) tration da (cfs) tration g: (cfs) tration g:
(ppm) Y (ppm) Y (ppm) Y
les 22 342 (K 24 158 618 S 282 33 193 17
240 53 1510 (K 220 64 429 |S T4 34 183 17
3es 1100 4750 (K 13200 62 630 |S 110 34 182 17
beow 2050 2510 K 13400 486 2060 |S 3840 34 1713 16
See 3820 2160 |K 22500 1500 1260 4960 34 194 18
6o 2100 1300 |K 7830 1080 658 |5 2110 33 193 17
Tee 230 7 |J 479 148 423 |S 172 33 170 15
Bee 106 342 |S 99 %6 281 (S 73 32 147 13
e 72 232 45 78 231 49 32 153 13
10., 56 210 32 67 250 45 33 155 14
1lee 47 222 28 61 252 42 33 159 14
12e0 41 254 28 59 252 40 33 160 14
13.. 36 261 25 55 285 42 34 153 14
1400 33 263 23 52 282 40 34 147 13
15¢0 32 282 24 47 288 37 50 461 |S 79
16es 30 294 24 43 288 33 214 1150 |S 1080
17ee 28 279 21 43 236 27 1230 1780 |J 5610
1840 26 249 17 41 217 24 2250 957 (K 5770
1940 24 246 16 38 225 23 2050 633 (K 3620
2044 22 252 15 44 244 29 409 459 |K 528
21as 22 240 14 44 245 29 171 325 |K 151
2244 22 220 13 43 231 27 138 255 95
234, 21 214 b ¥4 42 216 24 122 250 82
24ea 17 217 10 41 220 24 1la 250 77
2540 17 237 11 40 218 24 106 270 77
2600 17 242 11 38 194 20 106 307 88
27es 15 233 9l 36 201 20 ' 422 2050 (S 3070
2840 16 245 11 36 150 18 bbb 1240 |S 1630
290 17 250 11 34 177 16 169 592 s 274
30e. 19 263 13 33 192 17 126 407 138
3l 157 1280 |s 638 - -- -- 110 340 101
Total 10268 - 588034 4609 - 12271 8697 -- 22682
JANUARY FEBRUARY MARCH
lee 106 345 99 76 301 62 63 309 53
240 106 366 105 78 305 64 62 274 46
340 103 355 99 491 2220 |J 3560 ' 63 264 45
boo 96 340 a8 822 2220 |S 4900 62 279 47
See 96 307 80 699 921 |S 1920 60 286 46
6o 115 286 89 238 344 |S 219 66 276 49
Teoe 142 275 105 150 329 133 76 268 55
Beeo 146 268 106 126 317 108 80 280 60
Yee 142 279 107 114 299 92 80 257 56
10ee. 138 280 104 110 270 80 87 N7 T4
1les 130 286 100 100 232 63 84 288 65
1240 241 913 |s 777 83 215 48 78 287 60
13.. 584 2190 3450 76 212 44 71 307 59
lbdee 368 1410 |S 1450 75 285 58 69 304 57
1544 202 601 |S 334 76 329 68 69 241 45
164s 162 422 185 76 320 66 : 75 290 59
17ee 130 365 128 84 312 71 T4 244 4“9
18es 158 338 144 8z 294 65 69 223 42
1940 134 290 105 75 283 57 64 203 35
206 100 275 T4 73 249 49 62 155 26
2lee 92 274 68 73 261 51 59 189 30
22¢e 96 272 71 73 267 53 58 209 33
236 89 322 77 72 256 50 58 225 35
26 83 331 T4 70 226 43 I 62 241 40
2544 85 324 74 65 176 31 ) 105 432 |J 127
2600 88 331 79 59 170 27 | 90 330 |s 79
270 92 320 79 63 182 31 122 205 68
2800 92 324 80 66 298 53 92 245 61
2%ea 86 309 T2 65 315 55 78 237 50
30., 81 308 67 - -- -- 70 234 o4
3., 76 292 60 -- -- -~ 64 221 38
Total 4359 - 8570 4310 - 12121 | 2272 - 1633
S Computed by subdividing day. K Computed from estimated-concentration graph
J Computed from partly estimated concentration and subdividing day.

graph and subdividing day.
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